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FOREWORD 


This  Lecture  Series  No.  105  on  the  subject  of  Sleep.  Wakefulness  and  Circadian  Rhythms 
is  sponsored  by  the  Aerospace  Medical  Panel  of  AGARD  and  implemented  by  the  Consultant 
and  Exchange  Programme. 

The  Lecture  Series  is  intended  for  those  concerned  with  the  management  of  civil,  and 
particularly  military  personnel,  who  have  to  cope  with  irregular  work  and  rest.  It  will  provide 
an  understanding  of  the  physiological  processes  involved  in  the  adaptation  of  man  to 
disturbed  sleep  and  wakefulness,  and  consider  approaches  to  the  problem  of  management 
including  the  use  of  drugs. 

The  lectures  will  fall  into  three  subject  categories- 

Sleep,  wakefulness  and  circadian  rhythms.  Physiological  and  psychological  aspects. 

Adaptation  of  man  to  disturbed  sleep  and  circadian  rhythmicity. 

Managment  of  irregular  rest  and  activity. 

In  the  first  part  attention  will  be  given  to  the  physiological  basis  of  sleep,  wakefulness 
and  circadian  rhythms  and  the  psychological  correlates  including  performance  relevant  to 
personnel  in.olved  in  skilled  activity.  The  second  part  will  review  studies  on  the  adaptation 
of  man  to  unusual  patterns  of  rest  and  activity  with  special  reference  to  present  day 
situations,  and  the  third  pan  will  attempt  to  provide  a  basis  for  the  management  Oi  disturbed 
rest  and  the  rationality  for  the  use  ol  drugs. 

The  series  is  designed  for  a  wide  range  of  interests  in  both  the  civil  and  military  context, 
and  for  the  land,  sea  and  air  environments.  It  is  intended  that  the  participants  will  include 
managers  and  operations  staff  as  well  a  ■  medical  officers. 
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RYTHMES  CIRCADIENS  ET  CIRCANNUELS  CHEZ  L’HOMME  ADULTE  SAIN 


par 

Alain  Reinberg,  Dr  en  Medecine,  Dr  es-Sciences 
Equipe  de  Recherches  de  Chronobiologie  Humaine 
CNRS  No.  105,  Fondation  A.  de  Rothschild 
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RESUME 

Les  resultats  des  mesures  de  processus  physiologiques  chez  les  etres  vivants,  y  compris 
l’Homme,  ne  sont  pas  constants  en  fonction  du  temps:  des  variations  regulieres  et  previsibles 
ayant  une  periode  t  d'environ  24  heures  (rythmes  circadiens),  d’environ  1  an  (rythmes 
circannuels),  etc.  peuvent  etre  detectes  objectivement.  Chaque  rythme  mis  en  evidence  peut 
etre  caracterise  par  I’estimation  de  parametres  qui  sont :  l’acrophase  0  (situation  temporelle 
du  sommet),  I’amplitude  A ,  le  mesor  M  (moyenne  ajustee  du  rythme). 

L'estimation  de  r ,  0 ,  A  et  M  d’un  ensemble  de  variables  etudiees  dans  des  conditions 
experimentales,  specifiees,  conduit  a  representer  un  aspect  de  l’organisation  temporelle  ou  de 
la  structure  temporelle  biologique.  Les  buts  de  la  chronobiologie  sont  de  quantifier  et  de 
rechercher  objectivement  les  mecanismes  des  structures  temporelles  biologiques.  Les  rythmes 
biologiques  et  l’organisation  temporelle  qui  en  depend,  ont  une  origine  genetique.  Cependant, 
un  ou  plusieurs  parametres  des  rythmes  peuvent  etre  influences  par  les  variations  cycliques  de 
facteurs  de  l’environnement  (synchroniseurs  ou  Zeitgeber).  Ce  dirnier  fait  a  des  consequences 
pratiques  puisqu’un  changement  de  phase  des  synchroniseurs  peut  resulter  de  vols  trans- 
meridiens,  du  travail  de  nuit  ou  du  travail  post?. 

La  chronobiologie  appliquee  comprend  aussi  l’etude  des  variations  rythmiques  J’activites 
endocrinier.nes  (chronoendocrirologie)  et  des  effeis  des  medicaments  (chronopharmacologie). 


LES  RYTHMES  BIOLOGIQUES  CONSIDERES  COMME  UN  PHENOMENE  ADAPTATIF  AUX 
VARIATIONS  PREVISIBLES  DE  FACTEURS  DE  L’ENVIRONNEMENT 

L’etude  quantitative  des  rythmes  biologiques  montre  que  tout  processus  biophysique  ou  biochimique  varie  en 
fonction  du  temps  de  maniere  periodique  et  previsible  (Aschoff1.  BQnning2:  Halberg3).  Nous  savons  aujourd’hui  que 
l’activite  rythmique  est  une  propriete  fondamentale  de  la  maticre  vivante  (Reinberg,  Ghata4).  Des  rythmes  biolo-yques 
peuvent  etre  demontres  chez  tous  les  etres  vivants  depuis  les  uniccllulaircs  nudes  jusqu’a  1’Hommeet  a  tous  les  'ii-itaux: 
l’organisme  entier,  les  systdmes  d’organes,  les  organes,  les  tissus,  les  cellules  et  le  materiel  stib-cdlulaire.  Les  rythmes 
biologiques  montrent  des  proprietes  fondamcntales  similaires  chez  les  plantes  et  les  animaux: 

-  ils  ont  une  origine  gendtique; 

-  ils  persistent  en  l’absence  de  signaux  et  d’informations  temporelles: 

-  ils  peuvent  etre  caracterises  pour  une  espece  donnee  (par  exemple  le  Rat.  la  Souris.  l’Homme)  tout  en  gardant  a 
l’esprit  que  dcs  differences  mter-individuelles  peuvent  etre  demontrees  (par  exemple  differences  entre  des  souches 
genetiques  de  souris.  Halberg  et  al.3,  differences  entre  jumeux  dizygotes  et  monozygotes  chez  I'Homme  (Barcal  et  al.*) 

Ils  peuvent  etre  inP.uences  par  les  variations  cycliques  de  certains  tacteursde  I’environnement  appeles  synchron¬ 
iseurs  ou  Zeitgeber. 

Tout  se  passe  comme  si  ces  changements  bioperiodiques  resultcnt  au  moms  en  partie.  de  phenomdnes  d'adaptation 
a  des  variations  previsibles  d’un  ensemble  de  facteurs  directement  lies  a  la  rotation  de  la  tere  autout  de  son  axe  (en 
environ  24  heures)  ou  autour  du  soleil  (en  environ  365.  ’5  jours).  En  fait,  les  exemples  illustrant  f* organisation  temporelle 
d’etres  vivants  conccment  principalement  (mats  non  exclusivemcnt )  les  domaines  circadiens  et  circannuels  des  rythmes 
biologiques.  (Des  phSnomdnes  bioperiodiques  avex  une  penode  r  d’environ  7  jours,  d’environ  1  mois.  etc.  ont  ete  mis  en 
evidence.  Halberg3:  Smolensky  et  al.7.  mais  de  maniere  noins  etendue  que  celle  des  rythmes  circadiens  et  circannuels). 
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Quandon  considire  les  rythmes  biologiques  comme  un  phenomene  adaptatif  aux  variations  previsibles  des  facteurs 
de  l’environnement,  deux  possibility  doivent  etre  prises  en  consideration.  La  premiere  conceme  une  espece  donnee,  sa 
survie  i  travers  de  nombreuses  generations  et  son  evolution  probable.  La  seconde  conceme  un  individu  donne  de  l*esp£ce 
considere,  ce  sujet  etant  confronts  aux  manipulations  cycliques  et  non  cycliques  de  facteurs  de  l’environnement,  y 
compris  celle  des  synchrontseurs.  Une  meilleure  comprehension  des  rythmes  biologiques  peut  etre  obtenue  en  comparant, 
d’une  part  les  proprietes  des  rythmes  a  travers  les  especes  (Edmunds*,  Bunning*)  et  en  etudiant,  d’autre  part,  la  tolerance 
individuelle  aux  effetsdes  manipulations  des  synchroniseurs  (Halbcrg  et  al.J,s,l°,  Hayes",  Aschoff"’ ",  Rcinberg: 
tolerance  au  travail  poste:  Cf.  le  rapport  consacre  a  ce  probieme  dans  le  present  ouvrage). 

L’organisation  circadienne  de  PHomme  (et  probablement  son  organisation  circannuelle)  est  Pexpression  d’une 
population  d'oscillateurs  auto-entretenus  qui  sont  interconnectes  (avec  une  certaine  nierarchie)  et  influences  par  un 
et  semble  de  synchroniseurs. 

L’interet  biologique  pour  un  individu  d’ajuster  son  organisation  temporelle  aux  changements  cycliques  de  facteurs 
de  Penvironnement  a  ete  aussi  fcrmuie  par  Ehret  et  al.M:  “....  une  creature  avec  tous  ses  systemes  circadiens  fortement 
synchronises  a  en  quelque  sorte  appris  comment  “mi  <tre  tout  cela  ensemble”  de  maniere  a  ce  qut  les  multiples  profits 
de  Penvironnement  et  la  multitude  des  appetits  internes  se  distribuent  dans  le  temps  pour  donner  une  harmonic  circadienne 
satisfaite.  De  telles  creatures  heureuses  sont  recompensees  par  leurs  capacites  fonctionnelles  et  leur  longevite”. 


LA  VARIATION  BIOPERIODIQUc  ET  SES  PARAMETRES 

La  modification  cyclique  reguliere  de  toute  variable  biologique  peut  faire  Pobjet  d’une  approximation  par  une 
fonction  sinusoidale.  Cela  peut  etre  fait  grossierement  en  reportant  les  resultats  bruts  en  fonction  du  temps 
(chronogiamme)  ou  peut  etre  fait  avec  precision,  en  utilisant  la  m&hode  des  moindres  caries  pour  obtenir  la  fonction 
cosinus  qui  donne  la  meilleure  approximation  de  l’ensemble  des  resultats  bruts  con&tituant  la  serie  temporelle  (cosinor). 
Pour  ce  dernier,  Halbcrg  et  al.1*’  **  a  propose  d’utiliser  I’equation  classique. 

y^,j  =  M  +  A  cos  (cot  +  0) . 

Ou  M  est  le  mesor  (moyenne  ajustee  du  rythme);  A  est  l’amplitude  du  rythme;  co  est  la  frequence  angulaire; 
t  est  le  temps  ct  0  l’acrophase.  La  frequence  angulaire  a>  =  2*/r ,  ou  r  est  la  periode  et  1/r  la  frequence. 

Un  exemple  illustrant  la  caracterisation  d’un  rythme  biologique  est  donne  z  la  figure  1 . 

La  piriode  r  est  la  duree  d’un  cycle  complet  d’une  variation  rythmique.  r  est  habituellement  exprime  en  uniti 
de  temps  (secondes.  minutes,  heures,  jours,  annecs). 

L’amplitude  A  correspond  a  la  moitie  ac  la  variation  totale  du  changement  rythmique  pour  la  periode  r  considdree. 
A  peut  etre  exprimd  en  unites  conver.tionnelles  (Celsius  pour  la  temperature,  mg/h  pour  les  1 7-OHCS  urinaires  etc.)  ou  en 
pour  cent  de  M  . 

Le  mesor  M  est  la  moyenne  ajustee  du  rythme  pour  la  periode  r  considdree. 

L'acrophase  0  est  la  localisation  temporelle  du  sommet  pour  la  periode  consideree.  0  doit  etre  donne  par  rapport 
a  un  point  de  depart  ou  phase  de  reference  0  =  0. 

Le  cosinor  et  les  methodes  voisines  sont  largement  utilisees  par  les  chronobiologistes.  11s  peuvent  etre  programmes 
aujouid’hui  pour  des  petits  calcuLdrurs  de  bureau.  L’hypothese  d’une  amplitude  A  different  uc  rero  (avec  P  <  0.05) 
peut  etre  eprouvee  par  la  methode  du  cosinor  ce  qui  permet  de  savoir  si  un  rythme  est  detecte  pour  une  periode  r  donnee. 


LE  SPECTRE  DES  RYTHMES  BIOLOGIQUES 

La  logique  aussi  bien  que  la  methodologie  demandent  que  1’analyse  d’un  rythme  detectable  commence  toujours  par 
(’estimation  de  sa  periode.  En  effet.  la  connaissance  de  la  periode  d’un  rythme  biologique  est  indispensable  pour  estimer 
son  amplitude  et  son  acrophase. 

considerens  les  changements  periodiques  d’une  variable  physiologique.  la  temperature  de  I’homme  par  exemple. 

Si  la  serie  temporilk'  des  mesures  est  suffisamment  longue  (plusieurs  jours,  mois  ou  annees)  et  avec  des  points  demesure 
faits  a  courts  intcrvaHcs  de  temps  (plusieurs  secondes.  minutes  ou  heures)  on  peut  detccter  un  rythme  avec  un  r  d'environ 
une  minute  (rvthnic  uftradien),  un  rythme  avec  un  t  d’environ  ?  '•  heures  (rythme  dreadien),  un  rythme  avec  un  r 
d’environ  7  jo-rs.  et  d’environ  un  an  etc.,  (rythme  infradiens).  Fn  d’autres  termes.  pour  le  meme  processus  biologique. 
plusieurs  vanations  cycliques  peuvent  etre  mises  en  evidence,  chacune  d'entre  elles  ayant  une  periooe  differente.  Comme 
le  montre  le  tableau  1  es  periodes  ultradienncs.  circadiennes.  et  infradiennes  existent  chea  l’enfant.  la  femme  et  l’homme 
sain  pour  un  ensemble  de  variables  biologiques. 
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Fig.l  Exemple  d 'analyse  d’un  rythme  biologique  dans  la  force  muvulaire  de  la  main  droite: 
methode  du  chronogramme  en  haul,  methode  du  cosinor  en  bas 


L'elude  porte  sur  9  sujets.  npparemment  en  bonne  same.  ages  de  19  a  29  ans:  ils  sont 
synchronises  par  une  activite  diurnc  de  7  h  a  minuit  el  un  repos  nocturne.  Ils  mesurenl 
eux-memes  (autometrie)  la  force  musculaire  de  la  main  droite  a  I’aide  d'un  dynamometre 
(Colin-Gentile.  Paris)  dans  des  conditions  normalisees.  touies  les  4  heures.  pendant  24  heures. 
sauf  pendant  le  sommeit. 

L’analysc  de  cette  etude  transversale  d’un  rythmc  circadien  (r  =  environ  24  heures)  peul 
se  fairs  de  deux  manieres' 

( 1 )  Chronogramme  On  reporte.  en  function  du  temps,  les  moyennes  des  valeurs 
obtenues  avec  leurs  limites  de  confunce  (pour  une  erreur-type.  par  exemple)  11  appa^ait. 
dans  ces  conditions,  que  la  force  musculaire  a  son  maximum  vers  15  h  el  son  minimum  vers 
7  h.  la  difference  etant  statistiquement  significative  (p  >  0.0005).  On  voit  aussi  que  la 
variation,  au  cours  des  24  heures.  affecte  grossieremenl  la  tormc  d’une  sinusoide. 

( 2 )  Methode  du  cosinor  Dans  1’exemple  choisi.  la  periode  est  egale  a  24  h.  ce  qui 
correspond  a  la  synchronisation  des  sujets.  L'acrophase  de  la  force  musculaire  de  la  main 
droite  se  situe  ici  a  1611  ( 1 6  h  et  1 1  mn);  si  Ton  ctend  les  limites  de  confunce  a  95%  de 
securite.  elle  pent  se  localiser  entre  I  2  h  36  et  1 9  h  46.  L’amplitude  est  de  2.7  kgf  (de  1.1  a 
4.2  kgf  pour  95%  de  securite).  Le  mesor  sc  situe  a  41  .8  kgf  i  1 .8  kgl 

Cela  signifie  que  la  force  musculaire  peut  s’elever  au  vobinage  de  46  kgf  au  moment  de 
l'acrophase  et  se  situer  aux  environs  de  37  kgf  1  2  heures  plus  tot  ou  1 2  i.eurcs  plus  tard. 
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TABLEAU 


Analyse  Spectrale  de  Rythmes  Biologiques  Humains 


Domaines  du  specie  ■ 

Exemples  de  rythmes 

Haute  frequence 
ou  ultradien 
(r  <  16  h) 

Moyenne  frequence 
ou  circadien 
(t  =«  24  h) 

Basse  Jrequence 
ou  infradien 
(t  >  2.5  j) 

T 

T 

r 

Pouts  radial 

-  1  s(E.  F.H) 

~  24  h  (E.  F.H) 

~  I  an  (E.  F.  H) 

Temperature  (digitale  =  dig.: 
orale  =  or.:  rectale  =  rec.) 

-  1  mn (H) 

(dig.) 

-  24  h  (E.  F.H) 

(dig.,  or.,  rec.) 

—  30 j (F) 

~  7  j  et  1  an 
(F  et  H) 

(or.,  rec.) 

Cortisol  plasmatique 

-  45  et  90  mn  ( E.  F.  H) 

-  24  h  (E.  F.H) 

~  30  j  (F) 
et  —  1  an  (H) 

Testosterone  plasmatique 

~  90  mn (H) 

-  24  h  (H) 

-  1  an (H) 

Comportement  sexuel 

~  8  h  (H) 

~  24  h  (H) 

-  1  an  (F.  H) 

Comportement  alimentaire 

~  3  h  (E.  F.H) 

~  24  h  (E.  F.H) 

-  1  an  (E.  F.H) 

t  =  periode  en  secondes  (s).  en  minutes  (mn).  en  heures  (h).  en  jot  •  ( j ).  Frequence  f=  l/r.  F  =  femmt  adulte. 
H  =  homme  adulte:  E  =  enfant. 

D’apres  les  resultats  de  N.KIeitmann.  F.Halberg.  M.Cautherie.  E.van  Cauter.  A.Rcinberg.  J.Gkata.  M.Lagoguey. 
G.Debry.  E.Weitzman. 


La  penode  r  est  souvert  consideree  comme  conn  -ns  Fexcmple  d'un  hommc  synchronise  par  une  altemance 

static  d’activite  diume  et  de  repos  nocturne  ttous  deux  lit  .  contraintes  de  la  vie  sjciale  et  de  la  niche  ec  jlogique)  avec 
une  penode  moyenne  de  24  heures.  II  est  hautemen:  prob-  e  et  des  lors  attcndu  ojc.  dans  ces  conditions,  les  rythmes 
circadiens  de  ce  sujet  auront  une  periode  moyenne  r  de  24  heures. 

^ORGANISATION  TEMPORELLE 

Pour  n’importe  quelle  espece  (y  compns  la  notre)  la  connatssanee  des  rythmes  de  toutes  sortes  de  variables  biologiques 
permct  une  representation  precise  de  son  organisation  temporelle  pour  un  dotnaine  spectral  donne.  Mats,  meme  chez  les 
especes  les  plus  etudiees  (Homme.  Souris.  Rat.  Acetabulairc )  nous  nv  possedons  encore  qu'une  representation  imparfaite 
et  tres  incomplete  de  cette  organisation  temporelle. 

De  maniere  a  simplifier  la  presentation  de  cette  structure  (emporelle.  ccllc  de  I'Homme  par  cxemple.  on  peut  faire 
apparaitre  les  relations  des  acrophases  de  differents  ry  thmes  let  leur  amplitude  respective)  pour  les  pcnodicites 
circadiennes  c!  circannuelles.  La  schematisation  de  forgarisation  temporelle  eirradienne  (fig.2)  et  circannuelle  (tig.3) 
de  I’homme  adulte  a  etc  faite  a  parti r  de  resultats  obtenus.  autant  que  possible  dans  des  conditions  expcnmentales 
controlees  et  standardtsces.  Souhgnons  que  tous  les  su,els  etudies  etaient  synchronises  de  maniere  similaire  pour  ce  qui 
conceme  les  rythmes  circadiens.  Cette  necessitc  mcthodologique.  aussi  clementairc  qu’clle  puisse  paraitre.  est  parfois 
oubliee.  bien  qu'elle  soit  indispensable 

LES  SYNCHRONISEURS  SOCTO-ECOLOGIQUES 

II  n'est  pas  exagere  de  dire  que  nous  .ommes  nes  avec  une  certainc  structure  temporelle  exactement  comme  nous 
sommes  nes  avec  une  certainc  anatomic  Istructure  spaiiale).  Un  ensemble  d'arguments  indirects  sont  en  faveur  du 
caractere  hcrcuitairc  des  ry  thmes  bioirgiques  chez  I'homme.  (Des  arguments  directs  resultent  d  expenences  faitcs 
chez  les  vegetaux  et  les  animaux.  Bunning3.  Aschoff1.  Pittendngh17.  Remsing".  Hastings'*.  Vandcn  Dnessche20  ) 

Par  cxemple.  les  .ythmes  biologiques  persistent  durant  fisclemcnt  de  I'Homme  vivant  amsi  a  I'abn  des  variations 
ry  thmiques  de  facteure  de  fenvironnement  ( Halberg  el  al.*.  Aschoff'3.  Rcinberg3'.  Mills33 ).  les  variations  circadicnnes 
dcs  ry  thmes  biologiques  sont  presque  similatrcs  chez  les  jumaux  monozy  gotes  mats  ne  I  •  sont  pas  chez  les  jumaux 
dizygotes*. 

Toutefois.  les  rythmes  biologiques  sont  influences  par  les  sanations  penodiques  d’un  ensemble  de  facteure  de 
fenvironnement.  Le  torme  synchroniseur  (ou  Zcitgcbcr)  s’applique  a  tout  facteur  de  femironnement  qui  presente 
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des  variations  cycliques  capables  de  modifier  un  ou  plusieurs  des  parametres  qui  servent  a  earacteriser  un  rythme 
biologique  (r.  0,  A,  M).  Pour  de  nombreuses  especes  vegetables  et  animates.  I’alternance  periodique  de  la  iumiere 
et  de  l’obscunte  suivant  une  periode  d’environ  24  heures  est  un  des  synchroniser  les  pius  puissants  Cependani. 
faltemance  periodique  du  bruit  et  du  silence,  du  chaud  et  du  froid  etc...  agit  aussi  corr.me  un  synchroniseur  circadien 
pour  certunes  especes  et/ou  certames  conditions  expenmentales.  Chez  1‘Homme.  le  synchroniser  1-"  plus  efficace  est 
de  nature  socio-ecologique  (Halberg  ei  al.3-10.  Aschoff  et  al.33,  Apfelbaum  et  al.34).  Cela  signifie  que  faltemance  de 
fensemble.  activite-lumiere-bruit-chaleur  et  de  l’ensemble  de  repos-obscurite-silence-froid,  lies  tous  deux  a  notre  vie 
sociale  et  a  notre  niche  ecologique.  jouent  un  role  preponderant  dans  notre  synchronisation. 

La  manipulation  d’un  synchroniseur  preponderant  peut  concemer  par  exemple  sa  periode.  II  est  possible  entre 
certaines  limites  etroites  -  d'imposer  aux  rythmes  circadiens  de  l’hornne  une  periode  differente  de  24  heures,  par 
exemple  23  ou  25  heures  ( Aschoff !3- 13 ).  Mais  il  n*a  pas  ete  possible  d’imposer  une  periode  de  21  heures  (Simpson33) 
ou  30  heures  (Gouars34)  par  la  manipulation  de  r  des  synchroniseurs  socio-ecologiques. 

Quand  la  manipulation  du  synchroniseur  est  dirigee  essentiellement  sur  sa  phase,  un  deplacement  de  l’acrophase 
circadienne  se  produit.  Des  aspects  de  cet  important  phenomene  sont  discutes  dans  le  present  livre  par  K. Klein, 
E.Weitzman.  P.Hartman,  A.Reinberg. 

En  ce  qui  conceme  les  rythmes  circannueis  de  1’Homme.  il  existe  tres  probablement  un  synchroniseur.  sa  nature 
est  encore  inconnue.  Il  a  ete  montre,  par  des  experiences  animales.  que.  (a)  les  rythmes  circannueis  persistent  pendant 
fisolement  et  (b)  que  les  variations  circannuelles  (saisonnieres)  de  la  photofraction  circadienne  sont  capables  de  jouer  le 
role  d’un  signal  (Cf.  Bunning3:  Benoit  et  Assenmacher37:  Pengelley38:  Assenmacher  et  Famer”). 

EXEMPLES  DE  ^ORGANISATION  TEMPORELLE  CIRCADIENNE  DE  L’HOMME  (CONCERN ANT  EN 
PARTICUUER  LA  LIBERTE  BRONCHIQUE  DE  SUJETS  SAINS  ET  ASTHMATIQUES)  (Figure  2) 

L’acrophase  dcs  different*  rythmes  circadiens  chez  des  sujets  synchronises,  ne  sont  pas  distribues  au  hasard  dans 
l’echelle  des  24  heures,  au  contraire.  cette  distribution,  a  tous  les  niveaux  d’organisation.  represente  une  structure 
temporelle  specifique.  La  relation  causale  classique  entre  diverses  fonctions  physiologiques  doit  etre  completee  par  des 
informations  concemant  leurs  relations  temporelles.  Les  relations  de  phase  entre  des  phenomencs  bioperiodiques  ainsi 
considerees,  conduisent  a  decrire  des  systemes  circadiens  coherents. 

Les  rythmes  circadiens  de  variables  physiologiques  utilisees  pour  earacteriser  la  liberte  bronchique  (le  calibre  des 
branches)  la  motncite  bronchique  etc.  ont  ete  mis  en  evidence  chez  des  enfants  et  des  adultes  sains  aussi  bien  que  chez 
des  enfants  et  des  adultes  >ouffrant  d’asthme  allergjque.  Le  debit  expiratoirc  de  pointe.  la  capacite  vitale.  le  volume 
expiratoire  maximum  par  secondes  (VEMS).  la  resistance  pulmonaire,  la  compliance  dynamique.  en  re  autres  variables 
etudiees,  evolucut  dans  le  temps  suivant  des  rythmes  circadiens.  Ces  dcrniers  ont  une  relativement  giande  amplitude 
(de  10  a  35%  au-dessus  et  en-dessous  de  la  moyenne  ajustcc  des  24  heures)  et  ont  une  localisation  ten  porelle  dc 
l’acrophase  montrant  que  la  plus  petite  liberte  bronchique  se  situe  aux  environs  du  debut  du  repos  nocturne  (fig.2) 

Les  rythmes  biologiques  pouvant  etre  consiueres  comme  un  processus  adaptatif.  il  n'est  pas  surprenant  d’obscrver  que 
les  acrophases  des  variables  permettant  d’apprecier  la  liberte  bronchique  se  situent  dans  1’espace  de  temps  d’activitc 
des  sujets. 

Ces  variations  circadicnnes  dc  la  liberte  bronchique  peuvent  etre  liees  a  celles  des  hormones  surTcnaliennes  et  des 
catecholamines  entre  autres  substances  secrclees  capables  d’agir  sur  le  calibre  des  brooches.  II  a  etc  montre  que  le  creux 
du  rythme  circadien  du  cortisol  plasmatique.  dcs  17-OHCS  unnaires.  de  l’adrenaline.  dc  la  nor-3drenaline  et  du  VMA 
coincident  avec  le  debut  du  repos  nocturne  aussi  bien  chez  les  sujets  allergiques  que  chez  les  adultes  sains  (fig  2) 

En  outre,  les  recherches  chronopharmacologiques  mettant  en  oeuvre  un  agent  bita-stimulant  et  un  agent  vagolytique 
ont  montre  que  le  tonus  vagal  predomine  durant  le  repos  nocturne,  cepcndant  que  le  tonus  sympathique  predomine 
durant  1’activite  diurne  en  ce  qui  concerne  la  bronchomotricite  (Gaultier  et  al.30). 

La  reactivate  de  la  peau  et  dc  la  bronche  humaine  a  differentes  substances  a  etc  exploree  au  cours  du  nycthemere 
II  apparait  que  le  pic  circadien  de  la  susccptibihte  est  a  nouveau  trouve  durant  la  premiere  partie  du  repos  nocturne 
Cela  est  vrai  pour.  ( 1 )  la  reaction  cutance  a  fhistamine  aussi  bien  chez  les  sujets  sains  que  les  malades  allergiques 
Chez  ce>  demiers.  facrophase  de  la  scnsibilite  cutanec  vis-a-vis  d’allcrgenes  specifiques  (extraits  de  poussierc  domestique. 
dc  plume,  de  pollens  de  graminees.  de  pcnicilline.etc.)  se  situe.  comme  ccllc  de  fhistamine.  dars  la  premiere  partie  du 
repos  nocturne,  cela  est  vrai.  (2)  pour  la  rcactivitc  bronchique  a  f inhalation  d’histaminc.  (3)  pour  It  seuil  de  la  reponse 
bronchique  a  finhalation  d’acetylcholine  et  (4)  pourlc  test  de  provocation  bronchique  vis-a-vis  d’un  aerosol  contenant 
un  extrait  de  poussicre  dorT.-tique  chez  les  patients  spccifiqucmcnt  sensibilbes  (Rcinbcrg31 ). 

Il  est  logique  d'admettre  que  ('apparition  nocturne  dc  la  ense  d’asthme  est  le  rcsultat  de  ch3ngements  bioperiodiques 
dans  la  rcactivitc  des  patients.  Ces  changements  sont  lies  aux  rythmes  physiologiques  du  cortisol,  des  catecholamines,  dc 
la  susccptibihte  dcs  broncho-receptcurs  et  sont  lies  d’autre  part,  aux  changements  individuels  du  niveau  moyen  dc  la 
tolerance  aux  allcrgenes  (Cf.  McGovern.  Smolensky.  Rcinbcrg33). 
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TEMPS  {  heures  } 

07.00  11.00  15.00  19.00  23.00  03.00  07.00 

SYNCHRONISEUR  SOC  ! 0 -  ECOLOG  I QUE 
HEURES  OES  REPAS  {♦) 

CR1SE  D'ASTHME  OU  DYSPNEE  (B) 

SPIROHETRIE  D£  P01NTE  (3-180’) 

CAPACir:  Y  I  TALE  (0*180’) 

VEMS  ( 3 » 1 8 0 0 ) 

RESISTANCE  PUl“ONAIRE  (0) 

COMPLIANCE  DYNAKIQUE  (0*13O!1 

PROVOCATION  8RONCHI0UE  (§)  (0) 

CORTISOL  PLASMATIQUE  (3-180’ ) 

17-OHCS  UR  I NA  IRES  (0*180’) 

ADRENALINE  UR  'NA  IRE  (0*130’) 

NOR-ADRENAL  1 NE  UR.  (0*180') 

VMA  URINAIRE  (0-180) 

REACTION  CUTANEE  A  L ‘HISTAMINE ( 3 ) 

REACTION  CUTANEE  (§)  (0) 

REACTION  CUTANEE  (§§)  (!' 

REACTIVIT*  BRONCHIQUE  A: 

L'HISTAMINE  ( a£roSO  1  )  (01 

L  'ACETYLCHOLINE  (aerosol)  (0) 


(§)-Extrait  de  poussiere  donesticue 
(§§)=Extrait  de  pollen  et/oy  de  pi  une 


Fig.2  Aspect  de  1'organisation  temporelle  de  ITiomme 

La  relation  temporeile  entrc  I'acrophase  de  la  cnse  d'rsthmc  tou  du  pic  circadtcn  de  ia 
dyspnee!  de  malades  souffrant  d'asthme  allcrgique  ct  I’acrophase  (ou  la  batyphasc) 
circadienne  de  vai  rabies  phvsiologiqucs  consideres  comme  dcs  rythmes  composants  possibles 
chcz  des  sujets  asthmatiques  el  ou  des  sujets  sains.  L’acrophase  -?  -  ct  la  bat>  phase 
qu:  sont  respectivement  le  pic  et  le  creux  de  la  fonction  sinusoidaie  donnant  la 
tneillcure  approximation  du  rythme  sont  donnes  avec  leurs  lunites  de  confiar.ce  pour  une 
securite  de  'IS'*  (la  bat>  phase  diffcre  de  I'acrophase  O  par  ISO®  ou  1 2  heures)  II  >  a  une 
bonne  coincidence  entre  ( 1 )  fheure  du  pic  des  manifestations  climques  et  ( 2 )  I'heure  des 
acrophases  circadiennes  (ou  des  bats  phases)  de  variables  qui  sonl  considcrces  habituell  ment 
comme  ayant  un  role  a  jouer  dans  les  manifestations  climques  de  I'asthme  allcrgique 

Cnse  d'asthme  ( A.Reinberg  et  al  1963).  spirometne  de  pomte  1 F  Haiberg  et  3l  1966. 
H.Chai  et  al.  1968.  J.Reindl  et  al  1969.  A.Reinberg  ct  al  19r0.  U  Serafim  et  al  19*4). 
capacitc  vitalc  (A.Reinberg  et  al  !9~0).  VI  MS  ou  volume  expiratoire  maximum  par  secondcs 
(G.De  Vries  ct  al.  i  962.  A.Reinberg  el  al  19~1 .  G  lam'..c!:r.g  e<  al  1 9 "4 1.  resistance 
pu'.nonaire  et  compliance  dynamique  (C  Gaultier  et  al  :9~S).  test  cc  provocation  bronchiquc 
a  1'extriit  de  poussiere  domestique  (Gervais.  Rcinbergct  al  i°'-t).  l'-OHCS  unnaires 
(A.Reinberg  et  al.  1 963.  Vanden  Straicn  1 964).  cortisol  plasmatique  1  Reinberg  et  al  19'5). 
catecholamines  unnaires  ( Reinberg  et  al  1 9~5 ).  reactions  cutanees  a  Fristaminc  el  aux 
ailcrgencs  (A  Reinberg  ct  al  1965.  1969.  M  Smolensk}  et  al  !9'4).  reactivate  bronchiquc 
aux  aerosols  d'histanune  (I)c  Vries  ct  al  1962.  G  Tammeling  et  al  l°'4i.  reactivate 
bronchiquc  aux  aerosols  d’acctv knolme  1  \  Reinberg  et  al  lQ'l )  La  figure  originate 
A.Relnbcrg,,  a  etc  completee  par  de  nouveaux  resultats 


EXFMPLES  DE  ^ORGANISATION  TEMPORELLE  CIRCANNUELLE  DE  L’HOMME  (CONCERNANT  EN 
PARTICULIER  LES  ACTIVITES  ENDOCRINIENNES  OU  ENDOCRINO-DEPENDANTES) 
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Trois  remarques  preliminaires  peuvent  etre  utiles: 

(a)  Les  rythmes  circadiens  et  circannuels  doivent  etre  etudies  au  eours  de  ia  meme  experience.  Le  fait  que  la 
biopericdicite  d’une  variable  physiologique  donnee  peut  s’exprimer  suivant  plusieurs  domaines  de  frequence  a  ete 
verifie  pour  plusieur:  especes  animales,  en  particulier  la  Souris  (Haus  et  Halberg33),  la  Grenouille  (Dupont  et  al.34),  et 
1’Homme  (Reinberg35).  Quand  les  collectes  d’echantillons  sont  faites  une  fois  par  jour  (par  exemple  tous  les  deux  mois), 
des  heures  differentes  ou  meme  a  la  meme  heure,  les  valeurs  obtenues  peuvent  refleter  une  variation  circadienne  plutot 
qu’une  variation  circam  uelie.  En  effet,  non  seulement  le  niveau  moyen  des  24  heures  mais  aussi  l’empiacement 
temporel  de  l’acrophase  circadienne  d’une  variable  physiologique  peut  presenter  un  rythme  circannuel. 

(b)  La  situation  geographique  (ville  etat)  ou  1’etude  a  ete  faite  doit  etre  donnee.  L’acrophase  circannuelle  peut 
dependre  chez  l’homme  de  cetie  situation  ainsi  que  cela  a  ete  mis  en  evidence  pour  certaines  variables  par  Batschellet 
et  al.36  et  par  Simpson  et  Bohlen37,  par  Ghata  et  al.38.  Les  changements  annuels  de  la  duree  du  jour,  par  rapport  a  la 
latitude  semblent  etre  un  des  facteurs  preponderants  (ou  signal)  qui  doit  etre  pris  en  consideration  pour  diverses  especes 
animales.  Les  resultats  resumes  dans  ce  papier  ont  ete  obtenus  chez  des  sujets  vivants  dans  1’hemisphere  nord. 

(c)  Une  relation  temporelle  entre  deux  variables  ne  demontre  pas  en  elle-meme  une  relation  causale  directe. 

Cette  demiere  peut  etre  suspectee  si  en  plus  de  la  relation  temporelle  un  ensemble  d’autres  arguments  peut  etre 
donnee10’35. 

VARIATIONS  ENDOCRINIENNES  CIRCADIENNES  ET  CIRCANNUELLES  DE  5  PARISIENS 
ADULTES  JEUNES  ET  SAINS  (Figure  3) 

Pendant  14  mois,  5  parisiens  jeunes,  adultes  et  apparemment  sains  (examens  cliniques  et  biologiques  de  routine) 
vivant  a  Paris  ont  ete  volontaires  pour  etudier  un  certain  nombre  de  rythmes  circadiens.  Au  debut  de  1’etude,  ils  avaient 
respecfivement:  26,  26,  28,  29  et  31  ans.  Au  moment  des  tests  qui  duraient  28  heures  (tous  les  2  mois  pour  les  collectes 
de  sang  et  tous  les  mois  pour  les  collectes  d’urines),  les  sujets  ne  prenaient  aucun  m  'dicament  et  n’avaient  pas  d’activite 
sexuelle.  Les  apports  d’eau  et  d’aliments  ne  furent  pas  conirol6s,  les  repas  furent  pris  aux  environs  de  07,  1 3  et  20  heures. 
La  periodicite  circadienne  des  sujets  fut  synchronise  par  une  activite  diurne  de  07.00  (±  1  h)  a  23.00  (±  1 .5  h),  pendant 
toute  l’annee  (Reinberg  et  Lagoguey39). 

Les  rythmes  circadiens  des  concentrations  plasmatiques  en  hormones  ont  ete  explores  simultanement  chez  les  5 
sujets  pendant  les  memes  nombres  de  jours  de  janvier,  mars,  mai,  juillet,  septembre,  novembre  1973  et  a  nouveau  en 
fevrier  1 974.  Les  jours  des  tests,  le  sang  veineux  etait  pris  a  heures  fixes  tout-'s  les  4  heures,  pendant  28  heures,  en 
commen9ant  a  8  heures  du  matin,  le  premier  jour. 

Le  plasma  (apres  centrifugation)  et  les  echantillons  d’urine  ont  ete  conserves  a  — 25°C  a  raison  de  10  tubes  par 
echantillon  pour  faciliter  les  controles  et  les  dosages  multiples,  chaque  tube  n’etant  degele  qu’une  seu’.e  fois.  Les 
dosa,.s  ont  ete  faits  en  large  series  a  la  fin  de  1’etude.  Des  methodcs  radioimmunologiques  ont  ete  utilisees  pour  les 
variables  plasmatiques  et  l’aldosterone  urinairc.  La  specificite.  la  sensibility  et  la  precision  ont  ete  eprouvees  suivant  la 
meilleure  methodologie  de  routine.  Les  series  temporelles  ainsi  obtenues  ont  ete  analysees  du  point  de  vue  statistique, 
suivant  des  methodes  conventionnelles  et  suivant  celles  du  cosinor. 

Rythmes  Circadiens 

II  n’a  pas  ete  detecte  de  rythmes  circadiens  pour  la  FSH  plasmatiqu^.  Le  rythme  eircadien  de  LH  n’a  ete  mis  en 
evidence  que  pendant  les  mois  de  juillet  a  novembre.  Les  autres  variables  etudiees  ont  un  rythme  circadiens  statistique- 
ment  significatifs. 

Variations  Annuelles  de  l’Acrophase  Ciieadienne 

(quand  les  rythmes  sont  mis  en  evidence  pour  tout  ou  presque  tous  les  mois  consideres).  La  prolactine  plasmatique 
a  une  acrophase  remarquablenient  fixe,  tout  le  long  de  l’annee.  Elle  se  situe  aux  environs  de  04.00.  Les  acrophases 
circadiennes  de  1’activite  sexuelle  et  des  1 7-OHCS  urinaires  ne  se  deplacent  pas  le  long  de  l’annee  par  opposition  a  ce  qui 
se  passe  pour  les  acrophases  circadiennes  de  la  testosterone  et  du  cortisol  plasmatique.  Les  acrophases  circadiennes  de  la 
testosterone  plasmatique,  de  la  thyroxine,  se  situent  le  plus  tot.  dans  1’echelle  des  24  heures.  au  printemps  et,  le  plus  tard, 
dans  i’echelle  des  24  heures,  en  automne.  Au  contraire,  l’acrophase  des  rythmes  circadiens  liee  a  l’activite  cortico- 
surrenalienne  (cortisol  plasmatique,  aldosterone  unnaire  etc.)  se  situe  plus  tot,  dans  1’echelle  des  24  heures,  en  automne 
et  en  hiver,  et  plus  tard,  dans  l’echelle  des  24  heures,  au  printemps.  La  fixite  de  l’acrophase  circadienne  des  1 7-OHCS 
urinaires  pourrait  etre  due  au  fait  que  les  valeurs  obtenues  etaicnt  assez  dispersees. 


o.  j<mi< 
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Fig.3  Aspect  de  l’organisation  temporelle  circannuelle  de  I’homme  aduite  sain 

Rythmes  circannuels  de  5  parisiens  jeunes.  aduites  et  sains  de  sexe  masculin:  analyse  par 
la  me'.hode  du  cosinor  singulier.  Pour  chacune  des  variables  considerees,  le  mesor  circadien  a 
ete  utilise  pour  I’analyse  des  series  temporelles.  L’acrophase  annuelle  ©  (sommet  de  la 
variation)  et  1’amplitude  A  (moitie  de  la  variability  totale  annuelle)  sont  donnees  avec  leurs 
limites  de  confiance  (IC)  pour  une  securite  de  95%.  A  est  exprime  en  pour  cent  de  la 
moyenne  annuelle  de  24  heures.  L’amplitude  annuelle  est  relativement  grande  pour 
l’excretion  urinaire  d’aldosterone  et  relativement  petite  pour  le  poids  corporel.  L’amplitude 
ne  differe  pas  de  zero  pour  la  prolactine  piasmatique  (pas  de  detection  de  rythme  circannuel 
pour  cette  demiere  variable). 

La  figure  originate  A.Reinborg  et  M.Lagoguey39  a  ete  completee  par  de  nouveaux 
resultats. 
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Variations  Annuelles  du  Niveau  Moyen  des  24  Heures  M 

La  methods  du  cosinor  singulier  a  ete  utilise  pour  resumer  tous  les  resultats  dans  la  figure  3.  La  prolactine  n’avait 
pas  de  variations  circannuelle  chez  ces  hommes  jeunes.  Des  rythmes  circannuels  statistiquerr  it  significatifs  ont  ete 
observes  pour  les  autres  variables  consideiees.  FSH,  LH  et  TSH  atteignent  leur  sommet  en  hiver.  L’activite  cortico- 
surrenalienne  (cortisol  plasmatique,  17-OHCS  urinaires  et  aldosterone)  ont  aussi  leur  sommet  en  f£vrier  et  mars.  Les 
acrophases  respectives  de  I’activite  renine  plasmatique  et  du  potassium  urinaire  se  tocalisent  „.i  peu  plus  tard  en  avril-mai. 
L’acrophase  anruelle  de  la  thyroxine  plasmatique  apparait  en  sc,  tembre,  en  phase  avec  1’acrophase  annuelle  de  la 
testosterone  plasmatique  de  l’liormone  de  croissance,  de  l'activite  sexuelle  et  du  poids  corporel.  Les  excretions  urinaires 
des  catecholamines  atteignent  leur  acrophase  en  hiver.  Les  variations  individuelles  des  variables  consid6rees  sont  similaires 
a  celles  qui  ont  ete  observees  pour  le  groupe.  Un  certain  nombre  de  rythmes  circannuels  ont  ete  deja  rapportes  chez 
I’homme  adulte  sain  (Cf.  Reinberg35;  Reinberg  et  Lagoguey3*).  En  depit  des  differences  qui  peuvent  etre  liees  aux 
methodes,  a  la  localisation  geographique  etc.,  ces  resultats  et  les  notres  sont  en  bon  accord. 

Commentaires 

Les  relations  de  phase  circannuelles  entre  la  testosterone  plasmatique  et  l’activite  sexuelle  peuvent  etre  le  reflet  «i’un>' 
relation  causale  ainsi  que  cela  est  le  cas  pour  diverses  especes  de  vertebras  (Cf.  Benoit  et  Assenmacher37;  Pengelley28),  y 
compris  chez  les  primates  non  humains  (Conaway  et  Sade40;  Gordon  et  al.41;  Peng  et  al.43;  Mendoza  et  al.43). 

Cela  ne  signifie  pas  que  le  rythme  circannuel  de  la  testosterone  plasmatique  est  la  seule  variable  mais  seuleinent  une 
des  variables  qui  peut  jouer  un  role  dans  le  rythme  circadien  de  l’activite  sexuelle.  Entre  autres,  FSH  et  LH  plasmatiques 
doivent  etre  pris  en  consideration  meme  si  une  difference  d’environ  6  mois  apparait  entre  les  acrophases  refietant  les 
activites  pituitaires  et  gonadiques.  Une  difference  similaire  dans  les  acrophases  circannuelles  de  ces  hormones  plasmatiques 
a  ete  observee  chez  le  Canard  male  par  Assenmacher”. 

Une  des  hypotheses  pour  expliquer  ce  fait  est  l’existence  d’une  rythme  circannuel  de  la  susceptibilite  gonadique 
vis-a-vis  des  hormones  gonadotropes.  La  seconde  hypothese.  qui  n’exclut  pas  la  premiere,  prend  en  consideration  des 
phenomenes  chronopliarmacologiques  (Reinberg  et  Halberg44:  Reinberg45).  L’efficacite  d’un  agent  (y  compris  les 
hormones)  varient  en  fonction  du  temps  de  son  administration  ou  de  son  acrophase  circadienne  de  concentration 
plasmatique.  Un  essai  pour  eprouver  cette  deuxieme  hypothese  a  ete  fait  et  rapporte  dans  la  demiere  partie  du  present 
papier. 

Ajoutons  que  chez  les  filles  aux  environs  de  la  P'foerte.  une  variation  circannuelle  de  la  menarche  a  etc  observee 
(Cf.  Revue  par  Reinberg31 ).  avec  un  pic  qui  s.*uc  a  la  fin  de  I’automne  et  au  debut  de  l’hiver  et  un  creux  qui  sc  situe 
au  printemps  pour  l’hemisphere  nord. 

La  question  doit  se  poser  de  savoir  si  ces  rythmes  annuels  sont  endogenes  ou  ont  une  composante  endogene.  Un 
ensemble  coherent  de  connaissances  peut  etre  obtenu  d’autres  experiences  animates.  Les  rythmes  circannuels  endogenes 
(par  exemples  ceux  de  l’activite  gonadique  et  des  functions  reproductives)  s’ils  ne  sont  pas  crees  par  des  modifications  de 
I’environnement  peuvent  cependant  etre  influences  par  des  changcments  annuels  de  facteurs  externes  tels  que  la  duree  du 
jour  (qui  joue  le  role  de  signal  temporal)  au  moms  pour  certaines  especes  (Farner4*;  Pengelley38).  Si  la  generalisation  de 
I’ammal  a  I’Homme  peut  etre  faite.  notrc  especes  aurait  certaines  proprieties  des  animaux  a  jour  court  (ou  a  nuit  longue) 
pour  ce  qui  est  des  fonctions  reproductives.  Rappelons  dans  cette  discussion  la  remarque  faite  per  Conaway  et  Sade50. 

“...  il  se  pourrait  bien  que  tous  les  primates  y  compris  I’Homme  soient  fondamentalement  des  especes  a  reproduction 
annuelle  ...”.  En  outre,  les  variations  circannuelles  des  activites  endocrines  peuvent  jouer  un  role  dans  I'appantion  des 
variations  annuelles  de  la  resistance  de  I’organisme  humain  a  des  facteurs  potentiellement  nocifs.  Plus  precisement.  il  y 
a  une  coincidence  frappante,  dans  le  temps,  entre  I’acrophase  annuelle  de  l’activite  cortico-surranalienne  et  le  haul  risque 
de  certaines  infections  pulmonaires  it  de  maladies  cardio-vasculaires.  Par  reference  a  ces  demieres.  ajoutons  que  non 
se  ilement  1’acrophase  annuelle  de  I’aldost crone  et  de  l’activite  renine  plasmatique  peut  etre  interessees,  mais  aussi 
I’acrophase  annuelle  des  catecholamines. 


CHRONOPHARMACOLOGIE  CLINIQUE 

Les  effets  desires  et  non  desires  d’un  agent  physique  ou  chimique  depend,  entre  autres  choses.  de  I’heure  a  laquclle 
I’organisme  est  traite;  ou.  plus  precisement,  de  I’etat  des  systemes  circadiens  du  sujet  etudic.  a  I’heure  du  traiiement 
(Halberg.  R-inberg10;  Reinberg.  Halberg44;  Reinberg45). 

La  chronopharmacologie  comprend  a  la  fois  des  recherches  concemant  les  effets  des  medicaments  en  fonction  du 
temps  biologique  et  des  investigations  des  effets  des  medicaments  sur  les  caracteristiques  des  phenomenes  biopenodiques. 

(1 )  Un  grand  nombre  d’exemples  concernant  la  chronopharmacologie  humaine  ete  public  et  synthetisc.  variations 
circadiennes  de  la  reactivite  de  la  peau  a  I’histamine  et  a  d’autres  substances,  reactivitc  bronchique  a  I’histamine.  a  des 
agents  beta  stimulants,  a  I’acetylcholine.  rythmes  circadiens  de  la  duree  de  I’cxcretior,  du  salicylate  etc.  Une  grande 
variete  d’autres  medicaments  et  agents  chimiques  a  etc  etudie  chez  1’homme  d’un  point  de  vue  vlironopharmacologiqne. 
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+ 
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/  X 
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BIOPERIODIr’TE 
DE  L’ORGANISME 


fig-4  Concepts  de  chronopharmacologie 

La  chronesthesie  d’un  biosysteme  correspond  aux  variations  rythmiques  de  sa 
susceptibilite:  ella  inclut  les  phenomenes  de  membranes  et  les  phenomenes  moleculaires  lies 
aux  processus  metaboliqucs.  La  chronesthesie  interesse  les  cellules,  les  tissus.  les  organes  et 
les  systemes  d’organes  de  l’hote  aussi  bien  que  la  susceptibilite  de  parasites,  de  bacteries,  de 
tumeurs  etc.  La  chronopharmacocinetique  d’un  agent  chimique  correspond  aux  variations 
rythmiques  de  sa  biodisponibilite  aussi  bien  que  de  sa  pharmacocinetique  et/ou  de  son 
excretion  urinaire  ou  autre  (feces,  sueurs,  salive  etc.)  Des  rythmes  circadiens  statistiquement 
significatifs  ont  ete  demontres  pour  les  parametres  qui  servent  a  caracteriser  la  pharmaco¬ 
cinetique  de  plusieurs  agents.  La  chronergie  d’un  agent  chimique  (ou  physique)  correspond 
aux  variations  rythmiques  de  ses  effets,  qu’ils  soient  desires  (chronoefficacite)  ou  non  desires. 
La  chronergie  d’un  agent  chimique  fait  intervenir  sa  chronopharmacocinetique  aussi  bien  que 
la  chronesthesie  de  plusieurs  biosystemes.  L’acrophase  (sommet)  de  la  chronergie  d’un  agent 
chimique  ne  coincide  pas  necessairement  avec  la  chronesthesie  des  biosystemes  interesses  ni 
avec  1’acrophase  des  concentrations  plasmatiques  de  I’agent  chimique  dans  le  sang. 


(2)  La  chronopharmacologie  n’est  pas  limitee  aux  rythmes  circadiens  mais  peut  etre  etendue  aux  rythmes  dont  la 
periode  est  superieure  4  24  heures,  par  exemple.  une  chronopharmacologie  mensuelle  chez  les  femmes:  (a)  variations  de 
la  reponse  4  un  agent  chimique  en  fonction  des  jours  du  cycle  mensuel  et  (b)  alterations  du  rythmes  mensuels  par  un 
certain  nombre  de  medicaments.  Cependant,  seule  la  chronopharmacologie  circadiennc  est  actuellemcnt  bien  etudiee 

(3)  Trois  nouveaux  concepts  peuvent  etre  pris  en  consideration  (fig.4). 

(a)  La  chronocinitique  d’un  medicament  qui  comprend  a  la  fois  les  variations  rythmiques  de  sa  biodisponibilite 
(ou  de  sa  pharmacocinetique)  et  de  ses  excretions  (urinaires  entre  autres). 

(b)  La  chronesthisie  d’un  biosysteme  vis-a-vis  d’un  medicament:  par  exemple.  les  variations  circadicnnes  do  la 
susceptibilite  d’un  biosysteme  vis-4-vis  d’une  substance  y  compris  les  systemes  d’organes.  les  parasites,  les  tumours  etc. 
La  chronesthesie  bronchique  et  cutance  vis-a-vis  de  divers  agents  a  ete  etudiee  chez  I’homine. 

(c)  La  chronergie  d’un  medicament.  Elle  prend  en  consideration  sa  chronocinetique  et  les  chronesthesies  des 
biosystemes  interesses  de  1’orgrnisme.  Le  terme  chronergie  comprend  les  variations  rythmiques  de  tous  les  effets  et 
bien  entendu,  de  1’efficacite  du  medicament. 

(4)  La  chronopharmacologie  climque  est  utile  pour  resoudre  le  probleme  de  I’optimisation  des  medicaments  Par 
exemple,  pour  augmenter  i’efficacite  desire  d’un  medicament  et/ou  pour  reduire  ses  effets  non  desires.  Cela  a  deja  ete 
realise  pour  les  corticosteroides,  conduisant  a  une  chronocorticotherapie.  Donnons  un  nouvel  exemple  illustrant  :  fait 
qui  interesse  la  chronopharmacologie  cliuique  aussi  bien  que  la  chronoendocrinologie.  II  concerne  la  reponse  testiculaire 
simulee  par  HCG  chez  des  hommes  adultes  sains  ( Lagoguey  et  al.47 ).  4  hommes  adultes  jeunes  synchronises  ?vec  une 
activite  diume  de  07,00  a  minuit  et  un  repos  nocturne  ont  ete  volontaires  pour  cette  experience,  lls  avcient  deja  participe 
4  I’etude  des  rythmes  circadiens  et  circannuels  endocriniens  (Cf.  figure  3).  Les  sujets  ont  subi  f  differents  tests  centres 
sur  le  mois  de  juin  1 978.  2500  unites  intcmationales  dans  0.5  ml  de  HCG  (Organon)  ont  etc  injectes  par  voie 
intramusculaire  4  une  semaine  d’intervalle  et  respectivement  aux  heures  suivantes:  07.00.  14.00.  et  20.00  heures.  Une 
solution  de  serum  physiologique  fut  injectec  dans  les  memes  conditions  experimentales  a  trois  reprises.  Les  jours  et 
1’heure  des  debuts  des  6  tests  ont  ete  randomises.  Du  sang  veineux  fut  recueilli  30.  60.  90.  1 50  et  240  minutes  apres 
chaque  injection  (solution  saline  ou  HCG).  La  testosterone  plasmatique  (pT)  a  etc  dosce  par  une  methode  radio- 
immunologique. 


Ill 


Les  changements  resultant  d’une  injection  unique  d’HCG.  en  function  du  temps  peut  etre  exprimee  ( I )  par  le 
rapport:  pT  a  pres  HCG  sur  pT  de  contrdle.  (2)le  rapport .  hauteur  du  pic  de  pT  apres  HCG  sur  pT  de  controle.  La 
reponse  testiculaire  a  I’HCG  semblc  plus  forte  a  20.00  qu’a  07.00.  Par  excmple.  le  rapport  hauteur  du  pic  sous 
stimulation/pT  de  controle  est  8  fois  plus  grand  a  20.00  qu’a  07.00  (p  <  0,01 ).  En  outre.  I’espace  de  temps  pour 
atteindre  le  pic  est  le  plus  court  a  20.00  (90mn  ±21  =  1  ES>  qu'a  07.00  *218  ±  23:  p  <  0.005 1. 

DOs  lore,  il  semble  que  la  reponse  testiculaire  de  I'homme  a  une  stimulation  specifique  varie  suivant  tin  rythme 
circadicn  de  grande  amplitude.  Ces  rcsultats  peuvent  etre  utilises  pour  une  meilleure  comprehension  de  changements 
bioperiodiqucs  en  endocrinologie  et  en  chronopharmacologie  humaine. 
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CIRCADIAN  AND  CIRCANNUAL  RHYTHMS  IN  HEALTHY  ADULTS 


Alain  Reinberg,  HD,  PhD. 


Laboratoire  de  Physiologie  -  E.R.  Chronobiologie  Humaine  (C.N.R.S.  N°  105) 
Fondation  A.  de  Rothschild  25-29,  rue  Manin  75940  Paris  Cedex  19  -  France 


SUMMARY 


Physiologic  processes  in  any  living  organism  including  man  are  not  constant  as  a 
function  of  ti-ae  :  regular  and  predictable  variations  with  period,  r,  of  about  24  hours 
(circadian),  about  1  year  (circannual)  etc.  can  be  detected.  Each  rhythm  can  be  chara¬ 
cterized  by  estimating  such  parameters  as  :  acrophase  0  (crest  time),  amplitude  A^  and 
mesor  M  (rhythm  adjusted  mean). 

T¥e  estimation  of  t,  f,  A  and  M  of  a  set  of  variables  under  specified  experimental 
conditions  enable  us  to  visualize  an  aspect  of  the  temporal  organization  (or  biologic 
time  structure).  Aims  of  chronobiology  are  to  quantify  and  Investigate  mechanisms  of 
biological  time  structures.  Biological  rhythms  and  the  related  temporal  organization  are 
gentle  in  origin.  However,  one  or  several  rhythm  parameters  may  be  influenced  by  cycli¬ 
cal  variations  of  environmental  factors  (synchronizers  or  Zeitgeber).  The  latter  has 
practical  Implications  since  phase  shift  of  synchronizers  may  occur  with  transmeridian 
flights,  night-working  and  shift-working. 

Chronobiology  also  involves  the  study  of  rhythmic  changes  in  endocrine  activities 
(chronoendocrinology)  and  in  drugs  effects  (chronopharmacology) . 


BIOLOGICAL  RHYTHMS  AS  ADAPTATIYE  PHENOMENA  TO  PREDICTABLE  CHANGES  OF  ENVIRONMENTAL 

FACTORS 

The  quantitative  study  of  biological  rhythms  shows  that  any  biophysical  and  bioche¬ 
mical  process  varies  with  respect  to  time  in  a  periodic,  regular  and  predictable  manner. 
(Aschoff  1,  Bunning  2,  Halberg  3).  He  know  today  that  rhythmic  activity  is  a  fundamental 
property  of  living  matter  (Reinberg,  Ghata  4).  Biologic'.l  rhythms  can  be  demonstrated  in 
all  living  beings  from  nucleated  unicellular  organisms  to  man,  and  at  all  levels  :  the 
entire  organism,  organ-systems,  organs,  tissues,  cells,  sub-cellular  material.  Biologi¬ 
cal  rhythms  exhibit  similar  basic  properties  in  plants  and  animals  : 

-  they  are  genetic  in  origin; 

-  they  persist  without  time  clue  and  cue; 

-  they  can  be  characterized  for  a  given  species  (e.g.  Rat,  Mice,  Man)  bearing  in 
mind  that  interindividual  differences  can  be  demonstrated  (e.g.  differences  between 
strains  of  mice  :  Halberg  et  al  5;M7  versus  DZ  twin  studies  in  man  :  Barca!  et  al  6). 

fhey  can  be  influenced  by  cyclic  variations  of  certain  environmental  factors  called 
synchronizers  or  Zeitgeber. 

These  bicperiodic  changes  are  likely  to  result  from  adaptative  phenomena  to  predic¬ 
table  variation  of  a  set  of  factors  directly  related  to  the  Earth's  rotation  around  its 
axix  (in  ~  24  h)  and  around  the  Sun  (in  -v  365,25  days).  In  fact,  examples  of  the  tempo¬ 
ral  organization  of  living  beings  were  reported  mainly  (but  not  exclusively)  in  both 
circadian  and  circannual  domains  of  biological  rhythms.  (Bioperiodic  phenomena  with 
period  t  3  7  days,  3  1  month  etc.  have  been  documented  as  well  (Halberg  3,  Smolensky  et 
al  7)  but  to  a  lesser  extent  than  circadian  and  circannual  rhythms). 

When  infering  to  biological  rhythms  as  adaptative  phenomena  to  predictable  changes 
of  environmental  factors  two  possibilities  must  be  considered.  The  first  one  concerns  a 
given  species,  its  survival  troughout  many  generations  and  its  presumable  evolution. 

The  second  concerns  a  given  Individual  of  the  considered  species  this  subject  being 
subjected  to  cyclic  or  non-cyclic  manipulations  of  environmental  factors,  including  syn¬ 
chronizers.  A  better  understanding  of  biological  rhythms  may  be  reached  both  when  compa¬ 
ring  rhythm  properties  among  species  (Edmunds  8,  Bunning  9)  and  when  studying  the  indi¬ 
vidual  tolerance  or  effects  of  manipulation  of  synchronizers  (Halberg  et  al  3,5,  10, 

Hayes  11,  Aschoff  12,  13,  Reinberg  :  tolerance  to  shift-work  :  this  lecture  series). 

The  circadian  (and  presumably  the  circannual)  organization  of  man  consists  of  a 
population  of  self-sustaining  oscillators  which  are  interconnected  (with  a  certain  hie¬ 
rarchy)  and  Influenced  by  a  set  of  synchronizers. 

The  biological  interest  for  an  individual  in  adjusting  his  temporal  organization  to 
cyclic  changes  of  environmental  factors  has  been  also  formulated  by  Ehret  et  al  14  : 
"....a  creature  with  all  of  its  systems  in  strong  circadian  synchrony  has  somehow  lear¬ 
ned  how  to  "put  it  all  togetner"  so  that  the  multiple  environmental  amenities  and  the 
multitude  of  inner  appetites  mesh  in  a  satiable  and  circadian  h'rraony.  Such  fortunate 
creatures  are  rewarded  by  functional  proficiency  and  longevity". 


GRIP  STRENGTH  (RIGHT  HAND) 

TIME  (CLOCK  H0UF.5) 

03"  07"  It"  15"  19"  23" 


F igure  1  .  Emuple  o<  <(ie  time  series  analusis  of  a  biolo- 

ij’tfthiit  ;  circadian  c hanges  in  grip  strength 
[Ugh l  hand)  . 

9  health!/  male  volunteer s  119  to  29  yea> u)  synchronized  with 
a  diurnal  activity  from  07.00  to  00.00  ( midnight )  and  a  noctur¬ 
nal  rest.  The  period  T  *  24  h. 

Chronogram  Itopl.  Raw  data  mere  plotted  as  a  function  of  time, 
fieaiurementi  Un  ftg-$c*ce)  each  time  point  1 07.00,  11.00, 
15.00,  19.00  and  23.00)  are  expressed  ai  X  *_  1  sE.  The  wave¬ 
form  of  the  curve  showed  a  maximum  at  15.00  and  a  minimum  at 
07.00;  the  difference  was  statistically  significant  IP<0.0005 
The  circadian  variation  is  obvious  and  its  characteristics 
may  be  qu entified. 

n 5*  bottom).  The  rhythm  mas  approximated  hv  /fc<>  (east  tquar 
method  with  the  24  h  cosine  function  best  fitting  all  data. 

A  s  tatis  tically  significant  circadian  rhythm  was  detected  with 
A  differing  from  zero  IP  <  0.00 5).  It  was  then  characterized  by 
the  point  estimation  of  several  of  its  parameter s  with  their 
respective  95 l  confidence  limits  (Cl). 

Acrophase  9  was  16.11  (4  p.m.  and  11  nun.)  from  12.56  to  19.46 
with  951  CL. 

Amplitude  A_  was  2.7  kgf;  I.)  to  4.2  kgf  with  95t  CL. 

Meio*  .M  vr  rhythm  adjusted  mean  was  41. S  has  *  l.t  ( 1  S£j. 
Therefore  at  the  time  of  the  circadian  9  grip~strength  may  be 
as  high  as  46  kgf  whereas  12  h  tater  (o'*  earlier)  the  corres¬ 
ponding  value  may  be.  as  low  as  57.6  kgf. 


DATA  FROM  d.  DAVY,  N.  KLEITMAN,  M.  GAUTHER 1 E ,  A.  REINBERG,  F.  HALBERG, 
E.  VAN  CAUTER,  d.  GHATA,  M.  LAGOGUEY,  F.  SARGENT,  G.  OEBRY,  E.  WEITZMAN 
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THE  BIOPERIOPIC  VARIATION  AND  ITS  PARAMETERS 


The  regular  cyclic  variation  of  any  biological  variable  can  be  approximated  by  a 
sinusoidal  function.  This  can  be  done  roughly  by  plotting  raw  data  as  function  of  tine 
(chronogram)  or  accurately  by  using  the  least  squares  method  to  obtain  the  best  fitting 
cosine  function  (coslnor)  approximating  all  data.  For  this  latter  Halberg  et  al  (15,16) 
proposed  employing  a  classical  equation  of  the  form. 


y { t )  *  *  ♦  Acos  («t  ♦  0) 

were  £  Is  the  mesor  :  rhythm  adjusted  mean;  A^  Is  the  rhythm  amplitude;  u  Is  the  angular 
frequency;  t  Is  the  time  and  9  Is  the  acrophTse.  The  angular  frequency  u  *  2  */t,  were 
t  <s  the  period  and  1/t  the  frequency. 

An  Illustrative  example  of  a  biologic  rhythm  characterization  Is  given  figure  1. 
The  period  t  Is  the  duration  of  one  complete  cycle  In  a  rhythmic  variation.  It  Is 
customarily  expressed  In  units  of  time,  (e.g.  seconds,  minutes,  hours,  days,  years). 

The  amplitude, A  corresponds  to  one  half  the  extent  of  rhythmic  change  for  the 
considered  r.  It  can  be  expressed  In  conventional  units  (e.g.  Celsius  for  temperature, 
mg/h  for  the  17-PHCS  urinary  excretion  etc.)  or  as  percent  of  M. 

The  mesor, H  Is  the  rhythm  adjusted  mean  for  the  considered  t. 

The  acrophase.  9  Is  the  crest  time  location  for  the  considered  t.  9  must  be  given 
with  respect  to  a  sTarting  point  or  a  phase  reference  9  «  0. 

The  coslnor  and  related  methods  are  widely  used  by  chronoblologlsts .  They  can  now 
be  programmed  for  small  desk  computers.  The  hypothesis  of  the  amplitude  A  differing 
from  zero  (e.g.  with  P  <  0.05)  can  be  tested  by  the  coslnor  method  In  or?er  to  know 
whether  or  not  a  rhythm  Is  detectable  for  a  given  t. 

THE  SPECTRUM  OF  B1  LOGICAL  RHYTHMS 


Logic  as  well  as  methodology  demands  that  analysis  of  a  rhythm  always  begin  with 
an  estisate  of  Its  period.  In  fact,  knowledge  of  the  period  of  biological  rhythm  Is 
indispensable  In  estimating  Its  amplitude  and  Its  acrophase. 

Let  us  consider  the  periodic  changes  in  a  physiologic  variable,  the  temperature  of 
man.  Beginning  with  sufficiently  lengthy  time  series  (several  days,  months  or  years)  and 
with  measurements  made  at  relatively  short  time  Intervals  (several  seconds,  minutes  or 
hours)  one  can  detect  a  rhythm  t  *  1  minute  (ultradiar.  rhythm),  a  rhythm  with  t  =  24  h 
(circadian  rhythm),  a  rhythm  with  t  *  7  days,  T  *  1  year  etc.  (infradlan  rhythm).  In 
other  words,  for  the  same  biological  process  c-.*can  demonstrate  several  cyclic  varia¬ 
tions,  each  having  a  different  perloo  As  snown  In  table  1  ultradian,  circadian  and  in- 
fradian  periodicities  have  been  shown  i"  iealthv  children,  men  and  women  for  various 
biological  variables. 

Knowledge  of  t  Is  often  taken  for  granted.  Take,  for  example,  the  case  of  a  man  who 
Is  synchronized  by  a  stable  alternation  of  diurnal  activity  and  nocturnal  rest  (related 
to  both  the  social  constraint  and  the  ecological  niche)  with  an  average  period  of  24  h. 
It  is  highly  predictable  and  then  expected  that,  under  these  conditions,  the  circadian 
rhythms  of  this  subject  will  also  have  an  average  t  of  24  h. 

THE  ORGANISM 1 S  TEMPORAL  ORGANIZATION 

Ir.  any  one  species  (Including  ours),  knowledge  of  rhythms  in  all  kind  of  biological 
variables  permits  a  precise  representation  of  Its  temporal  organization  for  given  do¬ 
mains.  But  even  for  the  most  extensively  studied  species  (man,  mouse,  rat,  acetabularla) 
we  possess  as  yet  only  imperfec  and  very  incomplete  representation  of  this  temporal 
organization. 

In  order  to  simplify  the  presentation  of  the  time  structure  for  man  for  example, 
one  may  for  the  circadian  and  the  clrcannual  periodicities  show  the  acrophase  relation¬ 
ships  of  different  rhythms  as  well  as  their  respective  amplitude.  The  schematizatlon  of 
the  circadian  (figure  2)  and  the  clrcannual  (figure  3)  temporal  organization  of  adult 
men  was  made  with  results  obtained,  as  far  as  possible  under  controlled  and  standardi¬ 
zed  experimental  conditions.  Emphasizing  that  all  the  subjects  under  the  study  were  syn¬ 
chronized  In  a  similar  manner  with  regard  to  circadian  rhythms.  This  latter  methodologi¬ 
cal  requirement  although  elementary  is  sometimes  forgotten  despite  the  fact  it  is  essen¬ 
tial. 

SOC 10-EC0LQG I C  SYNCHRONIZERS 


He  are  born  with  a  certain  time  structure,  just  as  we  are  born  with  a  certain  ana¬ 
tomy  (spatial  structure).  A  »ct  of  indirect  arguments  are  in  favor  of  the  hereditary 
character  of  biological  rhythms  in  man.  (Direct  evidences  result  from  plant  and  animal 
experiments  :  Aschoff  1,  Bur.ning  2,  Pittendrlgh  17,  Rensing  IS,  Hastings  19,  Vanden 
Driessche  20).  For  example,  biological  rhythms  persist  during  the  isolation  of  men  from 
known  rhythmic  variation  of  environmental  factors  (Halberg  et  al  9,  Aschoff  13,  Reinberg 
21,  Mills  22);  their  pattern  are  almost  similar  in  MZ  twins  but  not  in  DZ  twins  (6). 

Nevertheless,  biological  rhythms  are  influenced  by  certain  periodic  variations  of  a 
set  of  environmental  factors.  The  term  synchronizer  (or  Zeitgeber)  is  applied  to  all 
environmental  factors  which  present  cyclic  variations  and  which  are  capable  of  modifying 
one  or  more  parameters  which  serve  to  characterize  a  biolog^al  rhytnm  (  T,0,  A,  A) .  For 
many  plant  and  animal  species,  the  cyclic  alternation  of  light  and  darkness  within  a 
24  h  period  for  example,  is  one  of  the  most  powerful  synchronizers.  However,  the  perio¬ 
dic  alternation  between  noise  and  silence,  between  heat  and  cold,  etc.  also  act  as  cir- 


T  I  M  E  (  clock  hours  ) 

07.00  11.00  7  5.00  19.00  23.00  03.00  07.00 


SOC I0-EC0L0GIC  SYNCHRONIZER 

HEAL  TIMING  (♦) 

ASTHHA  ATTACKS  OR  DYSPNEA  (f) 
PEAK  EXPIRATORY  FLOW  (9+180* ) 
VITAL  CAPACITY  (9+180*) 

FORCED  EXP.  VOL. /Is  (9+180*) 
LUNG  RESISTANCE  (9) 

DYNAMIC  COMPLIANCE  (9+180°) 
BRONCHIAL  CHALLENGE  (6)  (9) 
PLASMA  CORTISOL  (9+180°) 
URINARY  17-OHCS  (9+180°) 
URINARY  ADRENALINE  (9+180°) 
UR.  NOR-ADRENAL INE  (9+180*) 
URINARY  VMA  (9+180*) 

SKIN  REACTION  TO  HISTAH!NE(9) 
SKIN  REACTION  (§)  (9) 

SKIN  REACTION  (§§)  (9) 

BRONCHIAL  RESPONSE  TO: 

HISTAMINE  ( aerosol )  (9) 

ACETYLCHOLINE  (aerosol){|) 


($)*House  dust  extract;  (§§)*Pol1en  and/or  Feather  extracts. 


Fiaute  2  .  Aspect  ci  the  circadian  temporal  organization  ol  men. 


Temporal  relationship  between  the  timing  of  a)  asthma  attacks  [e 
peak  in  dyspnea)  of  patients  suffering  <tem  attergic  asthma  and 
acxophase  or  bathyphase  timing  in  a  set  of  these  patients  and'cx 
jects  phys io log  teat  variables,  considered  as  possibly  component 

acxophase  — —  and  bathyphase  — ^ --  respectively  peak 

of  the  best  fitting  cosine  function  usea  to  approximate  each  of 
axe  gi-'tn  with  their  951  continence  limits.  I  The  bathyphase  d<ff 
acxophase  9  by  *  HO *  ox  II  hx).  There  is  a  good  agreement  in  I) 
of  the  dinical  symptoms  and  2)  the  timing  of  the  circadian  aero 
thypase )  of  rhythms  of  variables  usually  considered  as  haiing  a 
to  ms  of  allergic  asthma.  Asthma  attacks  (A.  Reinbetg  ef  at  1963  ) 
toxy  flow  (F.  Halbexg  et  al  1966;  H .  Choi  ef  at  1961;  J.  Kandl 
A.  Keinbexg  et  at  197 0;  U.  Setaf<n<  ef  a l  1974);  Vifat  capacity 
et  at  1970) ;  Forced  expiratory  volume/ I  sec.  (G.  de  Vries  et  at 
A.  Keinbexg  et  al  1975;  G.  Tammeling  et  al  19741;  Lung  resistanc 
compliance  (C.  Gaultier  et  al  1975);  Stonchiaf  challenge  to  hous 
(Getvais,  Reinbetg  ef  al  1977);  Ut<noti/  17-OHCS  IA.  Reinbetg  ef 
Van  der  Straeten  1964);  Plasma  cortisol  IKeinberg  et  al  1975);  U 
cholamines  IKeinberg  et  at  1975);  Skin  teactien  to  histamine  and 
(A.  Reinbetg  ef  at  1965.  1969;  U.  SmefCnsty  ef  at  1974);  Bronchi 
histamine  Ide  Vries  et  at  1967;  G.  Tammeling  et  at  1974);  Stench 
fe  acetylcholine  (A.  Keinbexg  et  al  1971). 

Neic  data  has  been  added  to  the  original  figure  -  ■  .  Keinbexg  :  3 
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cadian  synchronizers  for  certain  species,  under  certain  conditions.  In  man,  the  most 
effective  synchronizer  appears  to  be  socio-ecological  in  ratjre  (Halberg  et  al  3,  10, 
Aschoff  et  al  23,  Apfelbaum  et  al  24).  This  means  that  the  alternation  of  activity- 
light-noise-heat/rest-darkness-si  lence-cold  related  to  both  our  social  life  and  our  eco¬ 
logical  niche  plays  the  major  role  in  our  synchronization. 

The  manipulation  of  a  prominent  synchronizer  may  be  directed  for  example,  at  its 
period.  It  is  possible  --  within  certain  narrow  limits  --to  impose  a  period  other  than 
24  h,  upon  the  circadian  rhythms  of  men,  e.g.  23  h  or  25  h  (Aschoff  12,  13).  But  is  was 
not  possible  .to  impose  a  period  of  21  h  (Simpson  25)  or  30  h  (Gouars  26)  by  the  t  mani¬ 
pulation  of  socio-ecologic  synchronizers. 

When  the  manipulation  of  a  synchronizer  is  directed  priirarly  at  its  phase,  -  shift 
in  circadian  rhythm  acrophase  is  produced.  Aspects  of  this  important  phenomenon  are  dis¬ 
cussed  in  the  present  book  by  K.  Klein,  £.  Weitzamn  ,  B.  Hartman,  A.  Reinberg. 

With  regard  to  circannual  rhythns  in  men,  the  nature  of  the  presumably  existing 
synchronizer  remains  unknown.  It  has  been  shown  in  animal  expe'iments  :  a)  that  circan¬ 
nual  rhythms  persist  during  isolation  and  b)  thet  circannual  (so-called  seasonal)  chan¬ 
ges  in  the  circadian  photofraction  are  able  to  play  the  role  of  a  signal  (Cf.  Bunning  2, 
Benoit  et  Assenmacher  27,  Pengelley  28,  Assenmacher  et  Farner  29. 

EXAMPLE  OF  THE  CIRCAOUf  TEMPORAL  ORGANIZATION  IN  MEN  WITH  SPECIAL  REFERENCF  TO  THE 
BRMChlAL  EATENtV  Of  iifftitHY  AND  ASTHMATIC  SUBJECTS  ( f  fgurT  2")". 

The  acrophases  of  different  circadian  rhythms,  ir.  synchronized  subjects,  are  not 
randomly  distributed  in  the  24-hour-scale;  on  the  contrary  this  distribution,  at  all 
level  of  organization,  represents  a  specific  time  structure.  The  causal  relationship 
between  several  physiological  functions  must  be  complemented  by  information  concerning 
their  temporal  relationship.  The  phase  relations  between  bioperiodic  phenomena  thus 
considered  lead  to  describe  coherent  circadian  systems. 

Circadian  changes  in  physiological  variables  used  to  characterize  the  bronchial 
patency,  the  bronchial  utricity  etc.  has  been  demonstrated  in  healthy  adults  and  chil¬ 
dren,  as  well  as  in  adults  and  children  suffering  from  allergic  asthma.  Peak  expiratory 
flow,  vital  capacity,  forced  expiratory  volume/l/sec ,  lung  resistance  and  dynamic  com¬ 
pliance  among  other  investigated  variable  were  shown  to  have  circadian  rhythms  : 

a)  with  a  large  amplitude  (10  to  354  above  and  below  the  24  h  adjusted  mean  or  mesor) 
and  b)  with  an  acrophase  timing  that  shows  the  smallest  broncnial  patency  occuring 
around  the  beginning  of  the  nocturnal  rest  (figure  2).  When  biological  rhythms  are  vie¬ 
wed  as  an  adaptative  process  one  is  not  surprized  to  observe  that  the  acrophases  of  the 
airway  patency  indexes  occur  during  the  activity  spar.. 

These  circadian  changes  can  be  related  to  circadian  rhythms  in  adrenal  hormones 
and  catecholamines  among  other  secreted  substances  influencing  the  bronchial  activity. 

It  has  been  shown  that,  the  trough  in  circadian  rhythm  of  plasma  cortisol,  urinary 
17-OHCS ,  adrenaline,  noradrenaline  and  VMA  coincide  with  the  early  nocturnal  rest  in 
both  allergic  patients  and  healthy  adults  (figure  2).  In  addition,  chronopharmaco  I og i c 
studies  with  both  a  .'-stimulating  agent  and  a  vagolytic  agent  have  shown  that  the  vagal 
tone  predominates  during  nocturnal  rest  while  the  sympathetic  tone  predominates  during 
diurnal  activity  with  regard  to  the  bronchoraotricity  (Gaultier  et  al  30). 

Hunan  susceptibility  (skin  and  bronchial  reactivity)  to  various  substances  has 
beer,  explored  around  the  clock.  It  has  been  demonstrated  that,  the  circadian  peak  of 
susceptibility  is  found  again  during  the  first  oart  of  nocturnal  rest.  This  is  true 
for  :  1)  skin  reaction  to  histamine,  both  in  healthy  and  allergic  subjects  and  to  aller¬ 
gens  (house  dust,  feathers,  grass  pollens,  penicillin  etc.)  in  sensitized  subjects; 

2)  bronchial  reactivity  to  inhaled  histamine;  3)  threshold  of  bronchial  response  to 
inhaled  acetylcholine  and  4)  bronchial  challenge  to  inhaled  house  dust  extract  in  speci¬ 
fically  sensitized  patients.  (Reinberg  31). 

It  would  therefore  appear  that  the  usually  nocturnal  occurence  of  the  asthmatic 
attack  is  a  result  of  bioperiodic  changes  in  the  patient’s  reactivity,  related  : 
a)  to  physiological  rhythms  in  cortisol  ar.d  catecholamine  secretion  in  bronchoreceptor 
susceptibility  etc.  and  b)  individual  changes  in  the  mean  level  of  tolerance  to  aller¬ 
gens  (Cf.  McGovern,  Smolensky,  Reinberg  32). 

EXAMPLE  OF  THE  CIRCANNUAL  TEMPORAL  ORGANIZATION  IN  MEN  WITH  SPECIAL  REFERENCE  TO 

nnnrornrc  m  related'  activities - 


Three  preliminary  remarks  may  be  useful 
Three  preliminary  remarks  may  be  useful  : 

a)  Circadian  and  circannual  rhythms  must  be  investigated  in  the  same  experiment.  The 
fact  that  bioperiodicity  of  a  given  physiologic  variable  can  be  expressed  in  several 
frequency  domains  has  been  documented  in  various  animal  species,  including  mice  auS 
and  Halberg  33),  frogs  (Dupont  et  al  34)  and  men  (Reinberg  35).  When  sampling  once  dai¬ 
ly  (e.g.  every  other  month)  at  different  or  even  at  the  same  clock  hour(s),  collected 
data  may  reflect  circadian  rather  than  circannual  rhythmi ci ty  .Moreover ,  not  only  the 

24  h  mean  level  M,  but  also  the  circadian  crest  time  0  of  a  pnysiologic  variable  can  be 
the  subject  of  a  circannual  rhythm 

b)  The  location  (city  end/or  state)  of  the  study  must  be  given.  The  circannual  acrophase 
can  be  geographically  dependent  in  men,  as  demonstrated  for  certain  variables  by 
Batschelet  et  al  (36)  and  by  Simpson  and  Bohler.  (37),  Ghata  et  al  (38).  Annual  changes 
in  the  day  le.igth  with  respect  to  the  latitude,  seem  to  be  some  cf  the  najor  environmen¬ 
tal  factors  (signals'  to  be  considered  in  various  species.  Results  summarized  in  this 
paper  were  obtained  from  subjects  living  in  the  northern  hemisphere. 

c)  A  temporal  relationship  between  changes  of  two  variables  does  not  demonstrate  in  it¬ 
self  a  direct  causal  relationship.  This  latter  can  be  suspected  if.  in  addition  to  the 
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Figuae  )  .  Atpect  ob  the  ciacannual  temporal  oaganization  ob  healthy  men, 

Ciacannual  ahythmt  ob  5  healthy  young  Paaitian  mala  i  tingle  cctinoa  tummany. 
In  any  ot  the  vaaiablet  ciacadian  me.toat  have,  been  ute.d  rfe*  time  teaiei  ana - 
lytet.  Annual  acaophate.,  £  Ic aett  time )  and  amplitude  A  lt/2  o b  the.  total 
vaaiability/yeaa)  aae  given  u>ith  theta  951  confidence  Zimitt.  A  it  a  peacentage 
o i  the  annual  U  h  mean.  The  annual  A  it  aelatively  laage  boa  uainaay  aldotte - 
aone  and  aelatively  tmall  b oa  body  weight,  &  doet  not  dibbea  sc ao  boa 
ptatma  paolactin  Ino  annual  ahythm  detected  in  the  tattea) , 

He<)  data  had  been  added  to  the.  oaiginal  biguae  ■■  A,  Peinbeag  and  Lagcguctj  i 
59  -- 
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temporal  relationship,  a  set  of  other  arguments  can  be  given  (10,  35). 

ENDOCRINE  CIRCADIAN  AND  CIRCANNUAL  CHANGES  IN  FIVE  HEALTHY  PARISIAN  MALES  (Figure  3 ) 


For  14  months,  five  mature,  apparently  healthy  (routine  clinical  examinations  and 
biologic  tests  were  normal)  young  males  (medical  studentsand  biochemists)  living  in 
Pari?,  volunteered  to  document  circadian  change.  At  the  beginning  of  the  study  they 
were  26,  26,  28,  29  and  31  years  old.  At  the  time  of  the  28-h  tests  (every  other  month 
for  plasma  sampling;  monthly  for  urine  sampling)  the  subjects  were  not  caking  any  medi¬ 
cation  and  had  no  sexual  acti vi ty . ' Food  and  water  intake  was  not  con  oiled;  meals 
were  taken  at  about  07.00,  13.00  and  20.00.  The  subjects'  circadian  periodicity  was 
synchronized  with  light-on  at  07.00  (7  a.m.)  +  1  h  and  light-off  at  23.00  (11  p.m.)  + 

1.5  h  during  the  year  (Reinberg  and  Lagogue.y  T9). 

Circadian  rhythms  of  levels  of  plasma  hormone  were  investigated  simultaneously 
in  the  five  subjects  during  the  same  two  days  in  January,  March,  May,  July,  September, 
November  1973  and  again  in  February  1974.  On  test  days,  venous  blood  samples  were  with¬ 
drawn  at  fixed  4-h  intervals  for  28  h,  starting  at  08.00  on  day  1. 

Plasma  (after  centrifugation)  and  urine  samples  were  stored  at  -25°C,  ten  tubes 
per  sample  to  allow  control  and  multiple  determinations,  each  tube  was  defrosted  only 
once.  Determinations  were  performed  in  a  large  series,  at  the  end  of  the  entire  study. 
Radioimmunoassay  procedures  were  used  for  plasma  variables  and  urinary  aldosterone  de¬ 
terminations.  Specificity,  sensitivity,  and  precision  were  tested  according  to  the 
best  current  methodology.  Both  conventional  and  single  cosinor  (Halberg  et  al  15) 
methods  were  used  for  the  statistical  analysis  of  the  time  series  thus  obtained. 

Circadian  rhythms.  No  circadian  rhythm  in  plasma  FSH  was  detected  in  any  monthly  time 
series  or  in  pooled  data.  Circadian  rhythm  in  LH  was  detected  only  from  July  to  Novem¬ 
ber  and  in  pooled  data,  with  a  small  amplitude.  Other  variables  showed  statistically 
significant  circadian  rhythms. 

Annual  changes  of  circadian  acrophase  (when  rhythms  are  measured  in  most  if  not  all 
months ) .  Plasma  prolactin  has  remarkably  fixed  acrophases,  located  in  tne  vicinity  of 
04.00  troughout  the  vear.  Circadian  0's  of  sexual  activity  and  urinary  17-0HCS  do  not 
exhibit  detectable  ai.iual  change,  in  contrast  with  circadian  0's  of  plasma  testosterone 
and  plasma  cortisol,  respectively. 

Both  circadian  0's  of  plasma  testosterone  and  thyroxin  have  an  early  location  in 
Spring  and  a  late  location  in  Autumn.  On  the  contrary,  0's  of  circadian  rhythms  related 
to  the  adrenal  activity  (plasma  cortisol,  urinary  aldosterone,  etc.)  occur  earlier  in 
autumn  (first  half)  winter  and  later  in  (second  half)  winter-spring.  The  fixation  of 
circadian  0  of  17-0HCS  could  be  due  to  noisy  data. 

Annual  changes  of  circadian  24-h  mean  M.  The  single  cosinor  method  was  useJ  to  summari- 
ze  all  findings  in  figure  3.  Prolactin  has  no  circannual  periodicity  in  these  adult  men. 
Statistically  significant  circannual  rhythms  are  observed  in  the  other  documented  varia¬ 
bles.  FSH,  LH  and  TSH  reach  their  maximum  in  Winter.  Corticc-adrenal  activity  [plasma 
cortisol,  urinary  17-0HCS  and  aldosterone)  is  also  highest  in  February  to  March.  Respec¬ 
tive  acrophases  of  plasma-renin  activity  and  urinary  potassium  occur  somewhat  later, 
in  April  to  May.  The  annual  0's  for  thyroxin  occurs  in  September  in  phase  with  annual 
0s  of  plasma  testosterone, GK,  sexual  activity  and  body  weight.  Urinary  excretion  of 
catecholamines  reach  their  peak  in  Winter.  Individual  changes  of  the  considered  varia¬ 
bles  were  similar  to  those  depicted  for  the  group.  A  set  of  circannual  rhythms  have 
been  already  reported  in  healthy  men  (Cf.  Reinberg  35,  Reinberg,  Lagoguey  39). 

DesDite  differences  in  methods  of  data  acquisition,  geographic  location,  etc.  the¬ 
se  results  are  in  good  agreement  with  ours. 

Comments 


The  annual  phase  relationship  between  plasma  testosterone  and  sexual  activity  may 
reflect  a  causal  relationship,  as  is  the  case  in  various  vertebrate  soecies  (Cf.  Benoit 
and  Assenmacher  27;  Pengelley  28),  including  nonhuman  primates  (Conaway  and  Sade  40; 
Gordon  et  al  41;  Peng  et  al  42;  Mendoza  et  al  43). 

This  does  not  mean  that  the  circannual  rhythm  of  plasma  testosterone  is  the  scle 
variable,  but  only  one  of  the  variables  that  may  play  a  role  in  the  circannual  rhythm 
of  sexual  activity.  Plasma  FSH  and  LH  must  also  be  considered  even  if  a  difference  of 
about  6  months  occurs  between  0's  reflecting  pituitary  and  gonadal  activity.  A  similar 
time  difference  between  annual  peaks  of  these  plasma  hormones  was  observed  in  the 
Mallard  drake  by  Assenmacher  (29). 

One  explanation  could  be  the  existence  of  an  annual  cycle  in  gonadal  sensitivity 
to  gonadotropic  hormones. 

The  second  hypothesis,  which  does  not  exclude  the  first,  takes  into  account  chro- 
nopharmacologic  phe  jmena  (Reinberg  and  Halberg  44;  Reinberg  45).  The  effectiveness  of 
an  agent  (including  hormones)  varies  as  a  function  of  the  time  of  its  administration 
(or  of  its  circadian  crest  time  in  plasma  concentration).  An  attempt  to  test  this  se  . 
cond  hypothesis  has  been  carried  out  as  reported  in  the  last  part  of  present  paper. 

In  addition,  a  circannual  change  of  menarche  has  been  observed  (Cf.  review  in 
Reinberg  21),  with  a  poak  in  late  autumn-early-winter  and  a  trough  in  Spring  for  the 
northern  hemisphere. 

The  question  arises  whether  or  rot  these  annual  rhythms  are  endogenous  or  have  an 
endogenous  component.  A  coherent  body  of  knowledge  is  available  from  other  animal  expe- 
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Figure  4  .  Concepts  -in  chxonophaxmacology . 

Chxonesthesia  of  a  biosystem  s  rhythmic  changes  in  it s 
suscep tibility;  it  includes  both  molecular  and  membrane 
phenomena  and  related  metabolic  pxoces ses .  The  chxones¬ 
thesia'  "^involves  alii,  tissues,  organs  and  organ  systems 
of  the  host •  as  well  as  the  susceptibility  o$  pa*a4<tej; 
bacteria,  turnouts,  etc.  Chxonophaxmacokinetics  c( j  d  che¬ 
mical  agent  :  rhythmic  changes  in  either  its  bioavailabi- 
lity  ox  its  phaxmacokinetics  and/ox  in  its  excxetion  in 
the  uxine  ox  by  othex  xoutes  [$aece4,  sweat,  saliva,  etc.l. 
Statistically  signif icant  rhythms  have  been  demons  txated 
in  paxametexs  used  to  characterize  the  phaxmacokinetics 
0(5  sevexat  agents.  Chxonexgy  of  a  chemical  (ot  physical ) 
agents ;  rhythmic  changes  in  any  of  its  effect! s)  either 
desired  t"cfi*onoe$$cct<venei  J")  ox  undes  ixed  activities  . 

The  chxonexgy  of  a  chemicat  agent  invotves  its  chxono- 
phaxmacokinetics  as  welt  as  the  chxones thes ia  of  some 
biosystems .  The  aexophase  ! peak  time 1  tn  the  chxonexgy 
of  a  chemical  agent  does  not  neces  satilu  coincide  with  the 
arxoohase  of  its  blood  level. 
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riments  :  endogenous  circannual  rhythms  (e.g.,  in  gonadal  activity  and  reproductive 
functions)  are  not  induced  by  environmental  information,  but  can  be  entrained  by  annual 
changes  of  external  factors  such  as  day  length  (Farner  46;  Pengelley  28)  at  least  in 
certain  species.  If  the  extrapolation  from  animals  to  mar  is  acceptable,  our  species 
should  have  certain  properties  of  short-dry  (or  long-night)  animals,  with  reference  to 
reproductive  functions  in  tMs  context.  The  remark  of  Conaway  and  Sade  (40)  may  be  re¬ 
levant  :  "  ....  it  may  well  be  that  all  primates  including  the  human  should  be  regarded 
as  basically  seasonal  breeders". 

In  addition,  circannual  changes  in  endocrine  activities  could  play  a  role  in  the 
occurence  of  annual  changes  in  the  resistance  of  the  human  organism  to  potentially  no¬ 
xious  factors.  More  precisely,  there  is  a  striking  coincidence  in  time  between  annual 
0's  of  adrenal  activity  and  the  high  risk  of  certain  lung  infections  and  cardio-vascu- 
lar  diseases.  With  reference  to  the  latter,  it  may  be  added  that  not  only  annual  0's 
in  aldosterone  and  plasma  renin  activity  might  be  involved,  but  also  annual  0's  in 
catecholamines. 

CLINICAL  CHRONOPHARMACOLOGY 


The  desired  or  undesired  effects  of  a  chemical  (or  physical)  agent  depend,  among 
other  things,  upon  the  hour  at  which  the  organism  was  treated  and  espec.ally,  upon  the 
circadian  system  stage  of  the  subject  under  study(  Reinberg,  Halberg  10;  Reinberg, 

Halberg  44;  Reinberg  45). 

Chronopharmacology  involves  both  the  investigation  of  drug  effects  as  a  function 
of  biologic  timing  and  the  investigation  of  drug  effects  upon  rhythm  characteristics. 

1.  A  large  number  of  examples  related  to  human  chronopharmacology  have  been  published 
and  reviewed  :  circadian  changes  of  skin  reaction  to  histamine  or  allergens,  of  airways 
reacti 'ity  to  hist'mine,  a  ^-stimulating  agent  and  acetylcholine;  circadian  rhythm  in 
the  duration  of  salicylate  excretion,  etc.  A  wide  variety  of  other  drugs  and  chemical 
agents  have  been  studied  in  man,  from  a  chronopharmacologic  point  of  view. 

2.  Chronopharmacology  is  not  restricted  to  circadian  rhythms  but  can  be  extended  to 
rhythms  with  period  (  >  24  h ,  e.g.  mensual  chronopharmacology  in  women  :  a)  days  of 
changing  responsiveness  to  chemical  and  physical  agents,  and  b)  drug-induced  circamens- 
trual  rhythm  al terat ion . However ,  only  circadian  chronopharmacology  is  well  documented. 

3.  Three  new  concepts  must  be  considered  (figure  4). 

a;  The  chror.okinetics  of  a  drug  embracing  both  rhythmic  (circadian)  changes  in  the  drug 
bioavailabi VI ty  (or  pharmacokinetics )and  its  excretion  (urinary  among  others). 

b)  The  chronesthesy  of  a  biosystem  to  a  drug,  i.e.  circadian  changes  in  the  susceptibi¬ 
lity  of  any  bicsystem  to  a  drug  (including  organ  systems,  parasites  etc.).  Both  skin 
and  bronchial  chronesthesy  to  various  agents  have  been  documented  in  men. 

c)  The  chronergy  of  a  drug  taking  into  consideration  its  chronokinetics  and  the  chro- 
nesthesies  of  tne  involved  organismic  biosystems.  The  term  chronergy  includes  rhythmic 
changes  in  the  overall  e'fects  and  1  r.  the  effectiveness  of  some  drugs. 

4.  Clinical  chronopharmacology  is  useful  to  *o1ve  problems  of  drug  optimization,  i.e. 
to  enhance  the  desired  efficiency  of  a  drug  and/or  to  reduce  its  undesired  effects. 

This  has  been  done  already  for  corticosteroids,  leading  tc  a  chronocorticotherapy. 

Let  us  give  a  new  illustrative  example  of  clinical  chronopharmacology  which  is 
also  pertinent  for  chronoendocri nology .  It  deals  with  the  HCG-stimulated  testicular  res¬ 
ponse  of  healthy  human  males  (i.agoguey  et  al  47).  Four  healthy  human  males  synchronized 
with  a  diurnal  activity  (from  ~  07.00  to  n.  midnight)  and  a  nocturnal  rest  volunteered 
for  the  experiment.  They  were  already  Involved  in  the  study  of  endocrine  circadian  and 
circannual  rhythms  (cf.  figure  3).  The  subjects  were  submitted  to  6  different  tests 
(June  78).  2500  IU/0.5  ml  HCG  (Organon)  IM  injections  were  done  one  week  apart  at  07.00, 
14.00  and  20.00,  as  well  as  control  IM  injections  of  saline.  Days  and  fixed  clock  hours 
of  the  6  tests  were  randomized.  Vennus  blood  was  sampled  30,  60*,  90,  150  and  24C  min. 
after  each  Injection  of  both  saline  and  HCG.  Plasma  testosterone  ( pT )  was  measured  by 
radioirmunoassay . 

Mean  control  pT  levels  are  relatively  high  at  07.00-11.00  and  relatively  low  at 
20.00-00.00.  These  changes  correspond  to  the  circadian  rhythm  reported  previously  for 
the  same  subjects. 

Changes  resulting  from  a  single  HCG  injection,  as  a  function  of  time  can  be  expres¬ 
sed  as  :  1)  HCG-stiraul ated  pT/control  pT  ratio;  2)  pT  peak  height/control  pT  ratio;  pT 
peak  height  being  the  highest  level  after  the  HCG  stimulation.  The  t'Sticular  response 
to  HCG  seems  to  be  stronger  at  20.00  than  at  07.00.  In  example,  pT  peak  height/control 
pT  ratio  is  ~  8  times  greater  at  20.00  than  at  07.00  (P  <  0.01).  In  addition,  the  span 
of  time  to  reach  the  peak  (time  to  peak)  is  shorter  at  20.00  (90  min  +  21  =  1  S E ) 
than  at  07.00  (218  min.  +  23;  p  <  0.005). 

Therefore,  it  seems  that  the  response  of  the  human  testis  to  a  specific  stimulation 
has  a  circadian  rhythm  of  large  amplitude.  These  results  may  be  useful  for  a  better  un¬ 
derstanding  of  bioperiodic  changes  in  both  human  endocrinology  and  clinical  chronophar¬ 
macology  . 
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SUMMARY 

Circadian  rhythmicity  of  mental  and  physical  efficiency  as  well  as  of  resistance  to 
noxious  hazards  is  reviewed,  the  interaction  with  internal  and  operational  factors  la- 
lyzed,  and  implications  are  given  for  management  of  human  operations;  in  an  append'  the 
significance  of  the  'Biorhythms*  concept  for  the  prediction  of  human  behaviour  an-  -he 
occurrence  of  man-related  accidents  is  discussed. 


INTRODUCTION 

Man's  functional  capacity  during  mental  and  physical  activity  is  the  result  of  multiple 
endogenous  and  exogenous  determinants,  one  of  them  being  their  daytime-related  oscillation. 
It  has  been  documented  that  circadian  rhythmicity  as  a  basic  principle  of  biological 
systems  does  not  only  control  physiological  functioning  at  rest  but  also  the  responses  of 
the  body  during  loading,  thus  involving  performance  and  efficiency. 

Already  more  than  20  years  ago,  a  certain  section  of  the  circadian  cycle  has  been 
characterized  as  the  'minimum  of  readiness  for  efficiency”  (67)  and  as  the  'hours  of  di¬ 
minished  resistance*  (32) .  In  animals,  it  was  shown  that  even  death  and  survival  in  a 
hazardous  environment  could  be  made  experimentally  a  function  of  circadian  system  phase 
(39).  In  1966,  we  first  presented  data  demonstrating  in  man  rhythms  in  indices  of  physical 
fitness  and  operational  stress  resistance  (63).  Since  then,  the  applied  aspect  of  vari¬ 
ations  and  oscillations  of  human  performance  efficiency  has  been  subject  of  extensive 
research  and  analyzation  (15,  17,  38,  43,  61,  62).  It  is  the  purpose,  now,  to  summarize 
and  update  information  on  this  topic  and  discuss  its  significance  for  human  operations. 


RHYTHMICITY  OF  MENTAL  PERFORMANCE  EFFICIENCY 

In  the  beginning  of  research  irregular  findings  with  respect  to  the  shape  of  the  24 
hours  performance  curve  -  often  due  to  poor  methodology  and  inappropriate  techniques  - 
have  caused  scepticism  as  to  the  genuineness  and  significance  of  the  relation  between 
time  of  day  and  mental  performance.  Then,  in  well-controlled  studies,  using  relatively 
short  and  simple  tests  Kleitman  (66)  established  an  association  of  diurnal  variations 
of  human  performance  with  body  temperature  which  appealed  so  close  that  temperature  for 
a  while  was  used  as  an  indirect  measure  of  performance  efficiency  in  studies  on  circadian 
rhythm  and  shift  work.  However,  in  the  last  decade  it  became  increasingly  clear  that  this 
relationship  does  not  hold  for  mental  performance  in  general,  but  different  tasks  show 
different  circadian  variations  in  terms  of  “shape”,  or  better  phase  and  amplitude  of  rhythm, 
and  that  -  where  such  a  relationship  originally  exists  -  it  may  dissociate  as  consequence 
of  changes  in  the  tsmporal  organisation  of  the  environment  or  in  response  to  shift  work. 

"Normal"  Performance  Rhythms 

It  is  obvious  from  Figure  1  that  body  temperature  as  well  as  the  scores  of  performance 
tests,  with  some  variations,  rise  during  the  day  to  a  peak,  or  kind  of  a  plateau,  between 
1200  and  2100  hours  and  decline  to  a  minimum  which  usually  occurs  between  0300  hours  and 
0600  hours.  This  is  true  for  flying  an  F-104  simulator  (56,  57),  for  cancelling  symbols 
or  adding  two-digit  numbers  (65) ,  and  for  the  highly  paced  psychomotor  performance  on  the 
"Kugeltest"  (64).  Similar  curves  have  been  described  for  many  other  tasks  (46),  like  la¬ 
tency  and  detections  in  a  vigilance  test,  for  card  sorting,  and  for  the  scores  in  a  choice 
reaction  test,  to  mention  only  a  few. 

The  range  of  oscillation,  l.e.  the  difference  between  the  maximum  and  minimum  •; 
within  a  circadian  cycle,  for  mental  performance  measured  under  standardized  laboratory 
conditions,  varies  (for  the  group  averages)  between  10  *  to  30  %  of  the  24-hour  mean  (1, 

5,  8,  16,  44,  46,  57,  65,  66,  68,  88). 

Factors  Controlling  or  Modifying  Performance  Rhythms 

Some  factors  of  internal,  operational  or  environmental  character  have  been  identified 
to  control  or  modify  mental  performance  rhythms  of  which  the  following  proved  to  be  the 
most  significant:  sleep,  task  variables,  personality,  motivation,  sustained  operation, 
physical  exertion,  and  changes  in  the  relationship  between  the  temporal  organisation  of 
the  body  and  the  environment.  (Of  these  factors  the  last  will  not  be  discussed  in  this 
paper  but  later  in  the  Lecture  Series.) 


(Part  of  this  lecture  was  presented  by  one  of  the  authors  (K.E.K.)  as  11th  "Harry 
G.  Armstrong  Lecture"  to  the  47th  Annual  Scientific  Meeting  of  the  Aerospace  Medical 
Association  on  May  13,  1976,  in  Bal  Harbour,  Florida) 
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Figure  2:  Mean  body  temperature  and  mean 
performance  sores  in  the  Letter 
Cancellation  and  the  Digit  Span 
test. 


Figure  1 ;  Circadian  rhythms  of  behavioural 

and  physiologic  functioning  in  per¬ 
cent  of  the  24-h  mean,  body  tempera¬ 
ture  in  °C.  (F-values  for  within  day 
variation;  **  p  s  0.01;  ***  p  s  0.001) 


OdT 


CMCfUAtOl 


*5  V  U  12  4*  JO 


Sleep.  If  subjects  are  not  aroused  from 
sleep  t or  testing  but  stay  awake  during  the 
night,  the  phase  of  rhythm  drifts  towards 
later  hours.  The  range  of  oscillation,  in 
comparison  to  controls,  during  the  first 
night  awake  is  smaller  but  becomes  in¬ 
creasingly  larger  as  sleep  deprivation  con¬ 
tinuous;  at  the  same  time  the  24-hour  mean 
of  performance  decreases  (1,  28).  (For  sleep 
loss  effects  see  also  section  "Sustained 
Operation" . ) 
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Figure  3;  Correlation  of  circadian  range  of 
oscillation  and  24-h  mean  for  be¬ 
havioural  and  physiologic  rhythms. 
(F-ratio  for  significance  of  cor¬ 
relation;  (*)  p  S  0.1;  *p  S  0.05; 
*'  PS  0.01) . 


Task  variables.  Blake  (8)  seems  to  be  the 
first  who  presented  evidence  for  the  assump¬ 
tion,  that  memory  -  with  respect  to  the  phase 
of  the  circadian  curve  -  may  be  a  "notable  exception" (46)  since  the  peak  score  in  a  memory 
task,  inversely  to  body  temperature,  occurred  in  the  morning  and  scores  dropped  off  steadi¬ 
ly  during  the  day  (Figure  2) ,  thus  resembling  more  the  variation  of  some  stress-related 
hormones  like  17-OHCS,  or  more,  yet,  adrenalin  (Figure  1).  Later,  some  authors  have  estab¬ 
lished  that  "immediate  memory"  peaks  in  the  morning,  deteriorates  through  the  early  after¬ 
noon  (1400  to  1500  hours)  and  rises  again  to  the  evening  (35,  70).  Others  found  the  correl¬ 
ation  between  performance  rhythm  and  temperature  rhythm  to  change  from  a  significant  posi¬ 
tive  value  to  a  significant  negative  one  as  the  memory  load  of  the  task  was  increased  (29, 
30) . 


Memory  functions  not  only  exhibit  pecularities  in  phase  but  also  lower  ranges  of  os¬ 
cillation  (70) .  This  is  of  particular  interest  in  view  of  the  negative  correlation  between 
amplitude  and  speed  of  adjustment  of  physiologic  rhythms  to  shift  work  (84)  and  to  shifts 
of  artificial  "Zeitgebers"  (103) .  In  fact,  it  was  demonstrated  (70)  that  a  higher  memory 
loaden  task  adapted  faster  to  night  work  conditions  simulated  in  a  laboratory  and  to  time 
shift  following  transmeridian  flight. 

Personality.  Several  investigators  have  described  an  influence  of  habitual  and  per- 
sonality  factors  on  behavioural  periodicity  (9,  10,  66,  73,  74).  The  results  may  be  summa¬ 
rized  as  follows:  In  extraverts  as  compared  to  introverts  (and  similar  in  evening  types 
against  morning  types)  maximum  and  minimum  of  performance  efficiency  came  later  within  the 
circadian  cycle  and  the  spontaneous  period  length  in  the  free  running  state  is  longer.  If 
extraverts  and  introverts  are  tested  in  one  group,  circadian  rhythm  is  synchronized  and  the 
differences  are  masked  (13).  In  addition,  "neurotxcism" ,  as  compared  to  "stability",  seems 
to  increase  the  rate  of  internal  desynchronization  in  isolation  from  time  cues  (102) ,  as 
well  as  to  hasten  phase  adjustment  during  shift  from  day  to  night  work  or  after  trans¬ 
meridian  flight  (19). 


Motivation.  In  their  extensive  studies  on  various  denanding  work-rest  schedules, 
Allulsi,  Chiles  and  their  collaborators  (1,  2,  12)  demonstrated  that  motivation  may  re¬ 
duce  circadian  variation  of  mental  performance  through  "extra  effort".  They  concluded 
that  together  v.'.th  motivation,  workload,  that  is  the  stress  imposed  by  the  task,  had  de¬ 
terminated  the  vxtent  of  cycling  in  so  far,  as  the  range  of  oscillation  was  low,  if  moti¬ 
vation  was  good  or  the  task  simple;  or,  on  the  other  hand,  periodicity  was  pronounced 
when  motivation  was  low  or  the  task  very  complex.  Ir.  context  with  the  load  of  the  task, 
the  reduction  of  the  circadian  amplitude  during  practicing  (2,  31)  and  its  increase 
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during  sleep  deprivation  (12,  28)  can  oe  understood  as  effects  of  relative  workload 
alterations. 

Changes  in  the  range  of  oscillation,  as  just  described,  must  alter  the  24-hour  mean. 
Since,  in  general,  the  trough  of  the  circadian  cycle  is  more  susceptible  to  influences 
of  the  kind  mentioned  above,  the  24-hour  mean  will  be  inversely  related  to  the  range 
of  oscillation.  Indeed,  we  have  been  able  to  demonstrate  such  an  inverse  relationship 
for  the  performance  level  of  pilots  in  a  flight  simulator  (57) ,  as  well  as  for  some 
other  mental  performance  tasks  (62)  for  which  the  regression  lines  and  correlation  co¬ 
efficients  (together  with  those  for  some  "stress-related"  hormones)  are  shown  in  Figure  3. 
Since  practicing  on  the  task  was  finished  and  each  subject  had  reached  his  optimal  level 
of  performance,  the  interpretation  of  this  phenomenon  leaves  open,  yet,  two  possibilities: 
the  reason  could  be  seen  in  different  levels  of  motivation;  but  also  a  particular  "dis¬ 
position"  manifesting  itself  as  a  higher  susceptibility  to  the  performance  depressing  in¬ 
fluence  during  night  could  have  been  the  cause  for  the  higher  range  of  oscillation  in  in¬ 
dividuals  with  the  lower  performance  level. 

Sustained  operation.  Of  particular  interest  are  the  interaction  of  circadian  cycling 
of  performance  efficiency  with  the  behavioural  effects  of  sustained  activity  or  3leep 
deprivation.  As  was  shown  earlier  (1,  14),  and  recently  was  demonstrated  again  (3),  the 
extent  of  performance  degradation  caused  by  sustained  operation  depends  on  the  actual 
phase  of  the  circadian  cycle  it  coincides  with  (Figure  4 )  .When  an  extended  duty  Deriod 
began  at  noon,  the  performance  degradation  (commencing  in  this  group  of  subjects  after 
about  16  hours  of  operational  activity),  amounted  to  -10  %  to  -15  %,  while,  when  the  same 
operation  began  at  midnight,  the  maximum  decrement  of  performance  amounted  to  -35  l.  In 
the  former  case  the  effect  of  fatigue  was  obviously  compensated  in  part  by  the  increasing 
level  of  arousal  during  the  day;  in  the  latter  case  operational  fatigue  evidently  added 
to  the  depression  of  alertness  naturally  occurring  at  night.  It  is  clear  that  in  managing 
human  operations  one  should  possibly  prevent  a  coincidence  of  the  final  section  of  a  long- 
haul  activity  period  with  the  nocturnal  low  of  behavioural  rhythms. 

Colquhoun  (20)  has  proven  the  benefit  of  the  injection  of  a  sleep  section  into  a 
period  of  sustained  operation  (Figure  5) :  Two  operational  periods  which  took  place  bet¬ 
ween  2000  and  2400  hours  and  0400  and  0800  hours  were  separated  in  one  case  by  a  (non- 
operational)  wake  period,  in  the  other  case  by  a  sleep  section.  The  difference  between 
the  two  conditions,  obviously  caused  by  sleep,  was  (a)  a  reduction  in  performance  de¬ 
gradation  at  the  circadian  trough  of  about  10  %,  and  (b)  a  "normal"  increase  of  per¬ 
formance  in  the  early  morning  hours,  leading  to  a  difference  of  more  than  20  %  in  per¬ 
formance  efficiency  at  0800  hours.  The  significance  for  crew  manac-ment,  for  instance, 
in  reinforced  crew  operation  is  obvious,  again. 
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Figure  5:  Effect  of  sleep  Injection  into  a 

period  of  sustained  operation.  (Re 
lative  changes  in  auditory  vigi¬ 
lance)  . 


Figure  4:  Sustained  operation  and  circadian 
performance  rhythm:  Dependence  on 
starting  time. 


As  Wilkinson  (104)  has  shown, the  effect  of 
sleep  reduction  is,  also,  dependent  on  the 
time  of  day  (Figure  6) :  if  sleep  was  reduced 
by  only  2.5  hours  in  each  of  two  consecutive 
nights,  for  instance,  impairment  of  perfor¬ 
mance  on  a  vigilance  task  was  13  %  in  the  mor¬ 
ning,  but  only  8  %  in  the  afternoon  and 
evening  of  the  following  day;  the  daytime 
dependent  difference  in  performance  degra¬ 
dation  was  the  more  pronounced  the  more  sleep 
was  reduced. 


Physical  exertion.  Physical  activity 
may  influence  mental  performance  through 
changes  in  the  level  of  arousal:  Light  to 

■Oder At*  physical  work  increases  it,  heavy 
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Figure  6:  Sleep  deprivation  effect  on  per¬ 
formance  depending  on  time  of  day 
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work  has  the  opposite  effect.  It  has  recently  been  demonstrated  (113)  that  this  effect 
depends  on  time  of  day  as  well  as  on  a  task  specialty.  A  physical  load  of  about  30  %  of 
the  maximum  aei ibic  work  capacity  improved  the  scores  of  a  visual-motor  coordination  test 
in  the  morning  a.  d  afternoon  but  not  in  the  late  evening  and  early  night.  However,  the 
same  exercise  regimen  impaired  performance  in  a  memory  test  at  all  hours  of  the  day,  in 
comparison  with  (non-exercise)  control  conditions.  The  results  were  explained  with  dif¬ 
ferences  in  the  relative  load  of  physical  exertion:  the  load  seemed  to  be  beyond  the  op¬ 
timum  of  arousal  for  memory  functions  in  general,  and  for  psyrhomotor  performance  at  the 
specific  time  of  the  day.  (The  relativity  of  physical  exercise  load  in  dependence  on  the 
time  of  day  is  furhter  discussed  in  the  chapter  "Rhythmicity  of  Physical  Exercise 
Efficiency".) 

The  Arousal  Theory  and  Performance  Rhythms 

The  aodif  ication  of  behavioural  rhythm  can  be  explained  quite  well  by  the  "inverted-U* 
shaped  relation  between  arousal  and  mental  efficiency  (Figure  7) .  Colquhoun  (16)  has 
pointed  to  the  fact  that  a  given  fluctuation  in  arousal  will  result  in  a  more  pronounced 
variation  in  performance  efficiency  when  the  overall  level  of  arousal  is  low  than  when  it 
is  relatively  high  or  even  near  the  optimal  point.  Accordingly,  increase  of  arousal  by 
task-complexity  and/or  by  higher  motivation  will  decrease  the  circadian  range  of  os¬ 
cillation  of  performance  rhythms  while  a  reduction  in  arousal  through  loss  of  sleep,  lack 
of  interest  etc.  will  have  the  opposite  effect.  Arousal  beyond  the  optimum  (hyperarousal), 
for  instance  through  extreme  motivation  and/or  task  overload,  increasingly  causes  pro¬ 
nunciation  of  circadian  rhythmicity  the  more  arousal  is  shifting  towards  the  (opposite) 
end  of  the  curve. 

Performance  Rhythms  in  Field  Studies 

Behavioural  rhythms  evaluated  in  field  studies  like  work  output,  frequency  of  failures 
and  number  of  errors  (7,  11,  37,  45,  82),  in  principle,  follow  the  circadian  characteristics 
observed  in  laboratory  research  on  human  performance  efficiency;  there  are,  however,  two 
differences,  at  least,  worth  mentioning  (Figure  8) :  (a)  the  range  of  oscillation  is  much 
higher  and  often  comes  up  to  100  *,  or  more,  of  the  24 -hour  mean,  and  (b)  a  second  (minor) 
peak  of  performance  degradation,  the  "post-lunch  dip",  is  often  found  shortly  after  noon. 
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Figure  7 :  Postulated  relationship  between 
level  of  arousal  and  performance 
efficiency.  (After  Blake,  1971). 


Figure  8:  Behavioural  circadian  rhythmicity 
in  field  studies. 

The  pronounced  circadian  oscillation  is  usually  explained  with  the  fatigue  caused  by 
continuous  duty  and  its  interaction  w*.th  the  circadian  depression  at  night.  Other  reasons 
could  well  be  lack  of  interest  and/or  motivation,  or,  in  comparison  to  the  laboratory, 
unfavourable  environmental  conditions,  for  Instance,  with  respect  to  noise  or  temperature 
levels. 

The  "post-lunch"  phenomenon  is  not  necessarily  related  to  the  meal  usually  taken  at 
that  time  of  the  day  (16).  It  has  been  attributed,  also,  to  the  duration  of  the  preceding 
duty  period;  however,  this  does  not  explain,  why  the  performance  increases,  again. 


towards  later  hoars, even  during  continuous  activity.  It  nas  been  speculated  (45)  that  a 
12-hour  rhythm  of  "susceptibility"  or  "readiness*  for  mental  performance  might  be  super¬ 
imposed  on  the  basic  24-hour  cycle  and  could  be  responsible  for  the  accumulation  of  per¬ 
formance  failures  in  the  early  afternoon.  In  this  context  it  is  of  interest  to  know  that 
the  post-lunch  depression  of  performance,  in  contrary  to  the  responses  at  night,  is  not 
accompanied  by  a  decrease  in  body  temperature. 

Behavioural  circadian  rhythmic ity  may  favour  an  accumulation  of  nocturnal  mishaps.  As 
Harris  (37)  did  demonstrate,  recently,  this  is  the  case  in  single-vehicle  road  accidents, 
in  particular,  if  "dozing"  of  drivers  was  reported  (Figure  8) .  In  analyzing  the  situation 
leading  to  accidents  of  that  kind  for  which  "coming  off  the  road"  is  typical, he  emphasized 
that  "the  truck  driving  task  is  likely  one  of  the  most  demanding  vigilance  tasks"  where 
the  driver  must  maintain  a  "continual  vigil",  "keep  his  truck  positioned  in  a  traffic  lane* 
“constantly  monitor  the  lane",  and  "a  momentary  lapse  of  attention  could  have  and  often 
has  had  disasterous  consequences".  Hart  is,  in  the  same  material  confirmed  the  effect  of 
fatigue:  fewer  accidents  than  expected  occurred  early  in  trips  and  more  than  expected 
during  second  half  of  trips;  the  "crossover"  from  less  than  expected  to  more  than  expected 
occurred  between  the  fourth  or  fifth  hour  of  driving  time.  So,  there  was,  again,  evidence 
for  an  interaction  or  a  superimposition  of  the  natural  decrease  of  arousal  through  cir¬ 
cadian  rhythraicity  and  the  operational  induced  fatigue  effect  causing  a  depression  of 
arousal,  too. 

Circadian  influence  could  hardly  be  demonstrated  for  accidents  in  which  a  vehicle 
crashed  into  the  rear  end  of  another  one  (37):  the  percentage  followed  rather  closely 
the  "exposure"  data  i.e.  the  relative  number  of  trucks  on  the  highway  by  time  of  day, 
though  accident  rates  are  slightly  higher  than  expected  by  exposure  between  midnight 
and  0800  hours  (Figure  9) . 
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Figure  9:  Percentage  of  accidents  by  time 

of  day  and  type  of  accident.  (Ex¬ 
posure:  normalized  percentage  of 
trucks  on  the  highway  for  a  ran¬ 
dom  sample  of  interstate  drivers) 


RHYTHHICITY  OF  PHYSICAL  EXERCISE  EFFICIENCY 

It  seems  that  we  were  the  first  to  experimentally  repeat  standardized  physical  fitness 
tests  around  the  clock.  We  found  cardiovascular  responses  at  mild  (55)  and  medium  (63) 
exercise  intensities  to  be  subject  to  periodic  variations:  heart  rates  and  blood  pressure 
were  lowest  between  0300  -  0600  hours  and  highest  at  1200  -  1800  hours.  If  exercise 
heart  rates  were  used  in  the  conventional  manner  to  predict  maximal  oxyger  uptake  (^O^max) 
by  means  of  nomograms  we  came  to  the  result  that  aerobic  work  capacity  was  higher  at  * 
night  than  during  the  day.  This  finding  was  unexpected  but  compulsory  since  the  pre¬ 
diction  of  v02max  from  exercise  heart  rates  rests  on  the  assumption  of  an  inverse  pro¬ 
portional  relationship  between  the  two  parameters  according  to  which  lower  heart  rates  at 
a  given  work  intensity  indicate  a  higher  aerobic  work  capacity.  This  principle  has  been 
proven  to  be  valid  in  comparison  of  individuals  with  different  work  capacities,  i.e. 
trained  and  untrained  subjects,  and,  intraindividually ,  if  muscular  exercise  capacity, 
in  parallel  to  VOynax,  increased  in  the  course  of  an  athletic  training.  However,  we  have 
always  expressed  doubts  (55,  63,  64)  that  this  principle  was  applicable  to  intraindi¬ 
vidual  differences  in  exercise  heart  rate  response  due  to  circadian  cycling,  and  have 
pointed  to  the  fact  that  older  and  starving  individuals  have  lower  heart  rates  without 
having  higher  work  capacities,  at  the  same  time. 

In  the  following  years,  circadian  differences  of  cardio-vascular  responses  -  mainly 
heart  rates  -  were  confirmed  for  various  tests  (Leistunqspulsindex,  Physical  Work  Capacity 
170, etc.)  at  different  submaximal  exercise  levels  (22,  97,  98).  At  the  same  time,  it 
became  obvious  that  oxygen  consumption  oscillates  with  the  time  of  day  only  at  rest  and 
at  mild  exercise  loads;  no  day-time  dependent  $0,-dif ferences  were  found  at  submaximal 
work  intensities  (22,  98).  Ir.  1971,  the  status  of  knowledge  induced  th>'  statement  (42): 
"The  maximum  of  physical  efficiency  is  not  found  during  the  dj.y  but  around  3  a.m.  at 
night" . 

Up  to  that  time,  however,  direct  measurements  of  aerobic  capacity  at  different  day 
times  were  still  lacking.  Then,  between  1973  -  1975,  five  papers  from  different  groups  of 
investigators  were  published  on  this  topic  (23,  49,  99,  100,  112).  Additionally,  it  was 
demonstrated  that  actual  athletic  performance  was  significantly  better  between  1600  and 
1800  hours  as  compared  to  0700  -  0800  hours  (21,  86);  the  same  was  shown  for  exercise 
(6). 


In  one  of  the  laboratory  studies  (23)  maximal  aerobic  work  capacities  compared  at 
0800  and  1800  hours  were  not  different.  Por  the  other  experiments,  with  respect  to  day- 
night  differences,  the  results  can  be  summarised  as  follows: 

-  Maximal  oxygen  uptake  was  not  different  (99),  was  3.9  »  higher  at  night  (lOO),  was 
5.7  *  (49)  and  5.2  %  ( 1 12) , respectively ,  higher  around  noon,  all  differences  being 
statistically  significant. 

-  Maximal  work  output  was  higher  for  1.1  %  (100)  and  for  12.4  %  (49),  respectively, 
during  the  day  as  compared  to  the  night,  both  differences  were  significant. 

-  Maximal  heart  rate  was  not  significantly  different  in  most  studies  (99,  100,  112);  only 
in  one  case  (49)  it  was  3.4  *  higher  during  the  day. 

Por  the  evaluation  of  circadian  differences  of  physical  work  capacity  it  is  of  parti¬ 
cular  interest  that  in  the  two  studies  where  it  was  indicated  work  output  was  higher 
during  the  day  than  at  night.  From  the  figures  given  in  these  papers  we  have  cooputed 
for  the  circadian  extremes  of  work  output  the  ratio  of  oxygen  consumption  to  work  out¬ 
put  and  found  that  “efficiency*  was  5  %  lower  at  0400  hours  as  compared  to  1600  hours 
(100)  and  was  11  %  lower  at  0300  houts  than  at  0700  hours  (49),  respectively.  Por  rest 
and  mild  exercise  levels,  in  principle,  the  opposite,  a  higher  efficiency  at  night,  is 
true,  since  oxygen  consumption  under  these  conditions  shows  a  clear  cut  circadian 
rhythm  with  a  maximum  during  the  d?y  and  a  minimum  at  night.  The  differences  of*efficiency" 
for  physical  labour  performed  either  at  1600  or  at  0400  hours  are  best  demonstrated 
through  the  linear  regression  of  oxygen  consumption  on  workload  (Figure  10) :  At  11  mkp/s, 
e.g.,  oxygen  consumption  is  3.6  %  higher  during  the  day,  in  the  medium  range  of  workload 
(at  about  14  mkp/s  -  16  mkp/s)  there  is  no  day-night  difference  and  at  27  mkp/s  the  oxygen 
consumption  is  4.6  t  higher  during  the  night.  These  figures  are  taken  from  an  investi¬ 
gation  performed  in  our  laboratory  on  16  untrained  students  (lOO);  slnce'workload*  is  also 
a  relative  term,  the  absolute  values  of  this  correlation  may  depend  on  properties  of  test 
subjects,  like  status  of  training,  age,  etc.  Typical  intraindividual  differences  in  the 
physiological  responses  to  an  increasing  workload  observed  in  one  subject  in  a  day-  and 
night-test  are  presented  in  Figure  11. 


Figure  10:  Linear  regression  of  maximum 
oxygen  uptake  on  workload,  as 
evaluated  at  night  (dashed 
line)  and  during  the  day 
(solid  line) . 
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Figure  1 1 :  Intraindividual  day-night  dif¬ 
ferences  in  heart  rate,  respiration, 
and  oxygen  uptake  under  different 
workloads,  (o-o  day,  ♦-♦  night). 

In  context  with  the  subject  discussed  here,  Ostherg  und  Svensson  (74)  recently  pointed 
to  the  fact  that  older  individuals  hgve  rower  heart  rates  but  perceive  workload  higher 
than  younger  ones;  they  compared  this-  with  day  and  night  responses  to  physical  exercise 
and  concluded  that  the  "functional  age"  increases  during  the  night.  They* took  th.s 
phenomenon  as  indication  for  a  minor  efficiency  of  man  for  physical  work  at  night. 

Similar  as  with  mental  efficiency,  rn  physical  performance,  also, there  tias  an  inter¬ 
action  demonstrated  between  the  effects  of  sustained  operation  and  time  of  day  (111):  If 
subjects ^pedaled  on  an  ergometer  continuously  for  an  8  hours  shift  with  a  workload  of 
30  %  of  V0,max  there  was  no  significant  difference  in  oxygen  uptake  30  min  after  commence¬ 
ment  of  shift  at  0830  hours,  1630  hours  or  0030  hours;  however  at  the  end  of  shift  oxygen 
uptake  was  higher  than  at  the  beginning,  for  2.7  %  at  1600  hours,  for  11.5  t  at  mid- 


night  and  for  4.9  %  at  0800  hors,  thus  efficiency  for  a  medium  workload  being  lowest  at 
midnight . 

The  present  knowledge  on  circadian  variations  of  physiological  responses  to  physical 
work  is  best  summarized  and  interpreted  as  follows  (Figure  12) : 

-  Heart  rates  at  rest  (in  parallel  to  other  cardiovascular  and  metabolic  variables)  show 
a  circadian  oscillation  with  a  difference  of  about  8  -  12  %  between  the  diurnal  maxi¬ 
mum  and  nocturnal  minimum.  This  difference  becomes  smaller  with  increasing  workload  and 
approaches  zero  at  maximum  effort.  The  day-night  difference  m  heart  rate  is  not 
identical  with  the  trained-untrained  difference  (Figure  13);  it  is  therefore  not 
possible  to  predict  aerobic  work  capacity  correctly  from  heart  rate  level  at  submaximal 
exercise  with  nomograms  set  up  in  sports  medicine. 

-  Similar  as  with  heart  rate,  oxygen  uptake  at  night  as  compared  to  the  day,  is  lower  at 
rest  and  at  mild  exercise;  however,  there  is  no  circadian  difference  anymore  at  medium 
workload,  and  at  submaximal  and  maximal  work  output  nocturnal  oxygen  consumption  seems 
to  be  higher  (Figure  10).  This  is  also  different  from  what  was  observed  as  typical  for 
trained  and  untrained  subjects  (Figure  13). 

-  In  accordance  with  the  nocturnal  low  of  "readiness  for  efficiency"  spontaneous  maxi¬ 
mal  work  output  or  maximal  oxygen  consumption  seems  to  be  somewhat  lower  at  night;  how¬ 
ever,  depending  likely  on  motivation,  it  is  possible  to  reach  the  same  level  of  maxi¬ 
mal  oxygen  uptake  at  night  as  duri-  j  the  day  through  "extra  effort". 

-  "Efficiency",  that  is  oxygen  consumption  in  relation  to  work  output,  at  maximum  efforts, 
is  significantly  lower  at  night,  consequently  equivalent  work  outputs  as  during  the  day 
can  only  be  produced  with  higher  "physiological  cost"; this  is  in  the  order  of  magnitude 
of  5  -  1C  t  extra  oxygen  uptake.  The  lower  efficiency  could  explain  the  subjective 
feeling  of  temporary  night  workers  that  nocturnal  labour  is  relatively  more  stressful. 
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Figure  13:  Dependence  of  heart  rate  and 

oxygen  uptake  cn  workload  in  un¬ 
trained  and  trained  subjects. 
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Figure  12;  Circadian  rhythms  of  heart  rate 
and  oxygen  uptake  during  hypo- 
kinesis,  rest,  and  physical 
exercise  of  different  loads. 


RHYTHMS  OF  SUSCEPTIBILITY  TO  HAZARDOUS  FACTORS 


Susceptibility  to  noxious  stimuli.  Rhythms  of  susceptibility  or  resistance  have  been 
investigated,  mostly,  in  animals.  Many  authors  were  able  to  demonstrate  circadian  cycling 
already  more  than  15  years  ago  for  a  variety  of  noxious  stimuli  like  ethanol  (40), 
anaesthetics  (24,  77),  bacterial  endotoxine  (32),  cuabain  (34),  and  for  convulsions  ex¬ 
perimentally  induced  through  audogenic  (36)  and  chemical  (25)  stimulation  or  electro¬ 
shock  (110).  Also,  a  circadian  sensitivity  of  mice  and  rats  to  Irradiation  has  been  shown 
(80),  with  a  possible  relation  to  periodic  heaopoetic  cell  responses  (41,  81,  96),  and 
to  the  circadian  amplitude  of  hypophyseoadrenal  activity  (26). 
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Though  phase  differences  were  quite  apparent  among  drug  susceptibility  rhythms,  it 
seemed  that  the  lowest  resist mce  for  a  standard  dose  in  the  lethal  range  frequently  was 
more  easily  obtained  in  the  natural  activity  period,  while  during  the  same  period  the 
largest  dose  was  needed  to  produce  the  specific  therapeutic  drug  effect  (e.g.  anaesthesia 
with  an  anaesthetic);  thus,  the  therapeutic  index  seems  to  be  the  lowest  durinq  the 
activity,  and  the  highest  during  the  resting  period  of  rodents.  Meanwhile,  circadian 
periodicities  in  toxicology  and  pharmacology  have  been  intensively  explored  and  impli¬ 
cations  are  being  introduced  into  clinical  practice  for  man  (31,  71,  83,  92). 

Decompression  sickness.  More  than  the  therapy-oriented  susceptibility  rhythms,  the 
periodic  oscillations  of  resistance  to  environmental  stressors  seem  to  be  of  signifi¬ 
cance  .or  aerospace  operations;  a^d  here,  indeed,  exist  some  observations  on  man.  Al¬ 
ready  in  1944,  a  dependency  on  the  time  of  day  of  the  frequency  of  symptoms  of  decompres¬ 
sion  sickness  in  man  during  altitude  chamber  rides  has  been  observed" (13):  3etween  0900 
and  1200  hours  11  %  out  of  approximately  2  000  subjects  experienced  signs  of  decompression 
sickness  while  between  1300  and  1600  hours  only  29  %  out  of  a  similar  number  of  subjects 
suffered  from  the  same  symptoms.  Differences  m  peripheral  blood  flow  which  is  higher  in 
the  afternoon  '52)  could  be  the  reason. 

Altitude  (hypoxia)  tolerance.  We  evaluated  human  tolerance  to  decreased  PO-  (hypoxia) , 
measuring  the  time  of  useful  consciousness  (TUC)  in  healthy  male  subjects  in  an  alitude 
chamber  at  a  barometic  pressure  of  287  mm  Hg  or  7.500  m  (63):  With  aTUC  of  6.3  min  at 
0300  hours,  altitude  tolerance  was  about  34  %  better  at  night  than  at  1500  hours  tTUC  = 

4.7  min)  and  1800  hours  (TUC  =  4.8  mm)  durinq  the  day  (Figure  14).  Ir.  mice  (93)  mor¬ 
tality  during  exposure  to  a  hypoxic  gas  mixture  of  5.5  %  oxygen  in  nitrogen  was  signifi¬ 
cantly  higher  166.7  %)  in  the  dark  (activity  period)  than  in  the  light  span  (36.1  %) .  In¬ 
dependently  from  the  time  of  day,  mortality  was  always  higher  when  mice  came  from  the 
dark  (activity)  before  being  exposed  to  hypoxic  conditions  (94)  ,  so  that  the  circadian 
rest  activity  cycle  seems  to  be  one  strong  determinant  of  hypoxic  resistance. 
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Figure  14:  Circadian  rhythm  of  suscepti¬ 
bility  to  stressors  in  man. 


In  man  altitude  tolerance  is  highly  corre¬ 
lated  in  a  negative  way  with  the  individual 
response  of  the  adrenal  cortex  to  an  acute 
altitude  exposure  (101) :  Higher  resting  values 
and  smaller  responses  of  the  17-CHCS  plasma 
level  were  found  m  relation  with  relatively 
better  altitude  tolerances  in  unadapted  (53, 
60),  as  well  as  in  altitude-adapted  (50,  59) 
subjects.  This  is  exactly  the  functional  state 
of  the  adrenal  cortex  during  the  night  in  man 
with  normal  social  habits:  A  higher  level  of 
17-OHCS  and  a  smaller  response  of  the  sane 
hormone  to  a  standardized  stress  or  ACTH  dose, 
so  that  the  circadian  periodicity  m  the 
activity  ana  reactivity  of  the  adrenal  cortex 
m  connection  with  the  circadian  rhythm  of 
basic  oxyge..  consumption  coulc  be  the  reason 
for  the  particular  day-night  fluctuations  found 
in  the  altitude  tolerance. 


Oxygen  toxicity.  A  circadian  rhythm  has  also  been  established  fo:  the  susceptibility 
to  oxygen  toxicity  seizures  (47):  in  rats  during  exposure  to  hyperbaric  oxygen  the  tire 
preceding  the  first  convulsion,  was  more  than  100  %  longer  between  0700  and  ilOO  hours, 
i.e.  during  the  early  sleep  phase  than  at  the  other  times  of  the  24-hour  cycle:  it  was 
speculated  that  the  protective  mechanism  against  cerebral  oxvgen  tixicity  effects  night 
be  seen  either  in  a  decrease  in  sympathetic  tone  due  to  a  decrease  in  epinephrine,  or  in 
the  circadian  rhythm  in  the  CNS  level  of  serotonin  which  is  high  at  the  onset  of  sleep. 

Orthosiatic  tolerance.  Another  physical  factor  for  which  rircadiar  rhythmics ty  of 
tolerance  has  been  demonstrated  in  man  is  orthostasis  (Figure  14).  Pulse  pressure  dating 
ti!t  (63)  as  well  as  an  "Index  of  Orthostatic  Tolerance"  (4)  computed  from  heart  rate 
and  blood  pressure  responses  to  tilt  were  more  favourable  m  the  afternoon  3nd  evening 
than  between  0300  and  0600  hours:  sleeping  subjects  between  tests  during  the  nocturnal 
period  seemed  to  pronounce  the  differences.  The  reason  was  seer,  in  the  night lv  trough  of 
cardiac  output  and  of  venous  pressure  at  the  lower  extremities  which  is  accompanied  by 
a  l.xgh  of  the  extracellular  fluid  volume  (4).  We  could  recently  confirm  the  idea  o:  day¬ 
time  dependent  responses  to  orthostasis  for  "!.over  Body  Negative  Pressure  l LBN?) " 
tolerance  whlcn,  again,  was  markedly  higher  in  the  afternoon  than  :n  the  morning  'un¬ 
published  results). 

Acceleration  tolerance.  On  the  sane  line,  wo  »nould  see  preliminary  data  obtained  m 
our  laboratory  by  Vogt  (unpublished  results)  which  indicate  central  light  loss  (Ct,L) 
during  »G  centrifugation  to  occur  at  an  acceleration  level  about  0.8  G  higher  m  the 
early  afternoon  than  at  night  (Figure  14).  However  whether  this  finding  reflects  a  "true" 
circadian  rhvthmicity  of  cardiovascular  responses  to  a  *C%  stimulus  is  presently  difficult 
to  decide,  since  the  1 ight-threshold  itself  shows  a  :ir,ilSr  periodicity  without  centri¬ 
fugation. 


SYNOPSIS 


There  can  be  not  doubt  that  endogenous  circadian  rhythmicity  is  one  determinant  of  men¬ 
tal  performance,  physical  exercise  capacity  and  the  resistance  to  noxious  hazards. 

With  the  exception  of  altitude  (hypoxic)  tolerance  -  which  peaks  at  night  when  tonic 
physiolonic  levels  are  set  for  sleep  -  in  man  the  better  performance  efficiency  is  found 
during  the  day.  However,  by  no  means  did  phasing  concur;  even  for  mental  performance 
alone  there  is  a  dependency  on  task  specif ity:  Memory  loaden  tasks  peak  earlier  than 
psychomotor  or  vigilance  oriented  elements  of  mental  efficiency. 

Amplitude  of  efficiency  rhythms  is  smaller  when  subjects  stay  awake  than  when  they  are 
aroused  from  sleep.  The  same  is  true  if  an  individual  is  more  disposed,  better  trained  and 
more  highly  motivated  for  a  task.  By  motivation,  mental  as  well  as  physical  performance 
at  nigl  l  may  be  brought  up  to  similar  levels  than  those  encountered  during  the  day;  this 
requires  "extra  effort"  and  higher  physiological  costs. 

Fatigue,  as  consequence  of  sustained  operation  and  sleep  loss,  intensifies  circadian 
rhythmicity  of  mental  efficiency.  This  seems  to  be  one  reason  that  in  field  studies  the 
nocturnal  maximum  of  human  failures  and  errors  is  much  more  pronounced  than  in  comparable 
laboratory  research;  differences  in  motivation  and  in  interest  for  the  task  as  well  as  un¬ 
favourable  environmental  conditions  "at  the  work  bench”  might  be  other  factors. 

As  observed  in  road  traffic,  a  heavy  continuous  call  on  vigilance  in  an  otherwise 
monotonous  environment  may  give  rise  to  a  higher  nocturnal  accident  rate  by  way  of  inter¬ 
action  of  fatigue  and  the  circadian  variation  of  arousal. 

Mocu.r'Jte  exercise  as  well  as  injection  of  sleep  sections  into  periods  of  sustained 
operation  seem  to  be  beneficial  with  respect  to  fatigue  and  circadian  effects  on  arousal. 

Night  duty  should  only  be  commenced  well  rested.  Since  it  is  more  stressful,  maximum 
permissible  duty  hours  should  be  shortened.  If  possible,  maximum  efficiency  (like  landing 
an  aircraft  after  a  long  -haul  flight)  should  not  be  demanded  at  the  time  of  maxirnum  be¬ 
havioural  depression. 
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APPENDIX 


THE  "BIORHYTHM"  THEORY 

The  concept  of  Biorhythm  was  first  brought  up  at  the  end  of  the  19th  and  the  beginning 
of  the  20th  century  by  W.  Fliess,  a  German  ENT  specialist  in  Berlin,  H.  Swoboda,  an 
Austrian  psychologist  from  Vienna,  and  by  the  engineer  A.  Teltscher  from  Innsbruck,  Austria. 
•In  the  thirties  it  was  further  developed  mainly  by  mathematicians  and  engineers  like  A. 

Judt  from  Germany  and  H.R.  FrUh  from  Switzerland;  it  finally  gained  general  public  interest, 
in  particular  in  the  Anglo-American  sphere,  through  G.  Thommen’s  book  (95)  on  "Biorhythm". 
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Figure  15:  The  "Biorhythm"  concept 
(After  Sacher,  1974) 
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The  cor  .apt  claims  that  each  human  being's  performance  is  governed  by  three  basic  cycles 
of  different  period  lengths  (Figure  1 5) :  a  23-day  "male"  or  "physical"  cycle  involving 
changes  in  strenqth  and  endurance,  a  28-day  "female"  or  “emotional"  cycle  covering  changes 
in  sensitivity  and  emotional  reactions,  and  a  33-day  "intellectual"  cycle  enclosing  changes 
in  intelligence,  alertness  or  awareness.  It  pretends  to  be  able  to  predict  human  behaviour 
m  terras  of  "bad"  or  "good"  days  at  any  time  of  any  person's  life.  This  is  done  by  a 
mathematical  model  which  rests  on  a  number  of  indispensable  premises,  some  of  the  most  im¬ 
portant  being  the  following: 

-  Each  cycle  is  described  by  a  sine  curve  having  a  positive  and  negative  phase  with  two 
Gross-over  points. 

-  The  cycling  begins  at  tne  moment  of  birth  always  with  a  positive  phase. 

-  In  all  individuals  on  earth,  at  all  times,  cycles  must  run  with  precisely  the  length 

of  23,  28  and  33  days;  deviations  of  only  minutes  or  ^-ven  fractions  of  seconds  from  the 
assumed  period  length,  through  internal  or  external  factors,  are  not  compatible  with 
the  theory. 

-  The  positive  phase  of  all  cycles  corresponds  to  periods  when  performance  is  best,  the 
negative  to  poorer  performance,  the  cross-over  points  are  termed  "critical";  when  two 
cycler,  cross  the  medium  line  criticality  is  doubled,  and  three  curves  crossing  simul¬ 
taneously  is  even  more  critical  or  dangerous. 

-  According  to  the  theory,  performance  would  be  poor,  vulnerability  high,  and  accidents 
more  likely  to  occur,  on  critical  days,  on  days  when  more  than  one  cycle  is  in  a  cri¬ 
tical  phase  and  the  other  cycles  are  in  a  negative  phase,  or  on  days  when  all  cycles 
are  in  a  negative  phase. 

The  fascinating  possibility  of  predicting  human  performance  capacity  was  eagerly  picked 
up  by  man-intensive  industries  m  order  to  lower  accident  rates  and/or  increase  efficiency 
and  productivity.  At  the  same  time.  Biorhythm  companies  grew  up  offering  consulting  ser¬ 
vices  for  human  labour  management  or  selling  Biocalculators  for  computing  one’s  own  "bad" 
or  "good”  days.  The  Biorhythm  concept,  thus,  was  commercialized  before  it  had  been  tested 
seriously  for  its  biological  and  mathematical  foundations.  It  was  in  1972, yet,  when  G. 
Schdnholzer  stated  (90) :  "Besides  some  recent  expert  statements  which  have  not  been  pub¬ 
lished  and,  therefore,  are  not.  available,  there  are  an  endless  number  of  pr--ss-releases , 
propaganda-brochures,  mass-media  commentaries,  courtesy  certificates  etc.  The  very  few  re¬ 
gularly  published  papers  which  allow  a  scientific  review  more  or  less  belong  to  the  past. 
New  sound  and  scientific  publications  do  not  exist.  Therefore,  there  is  no  really  controll¬ 
able  base". 

Meanwhile  the  Biorhythm  theory  has  been  investigated  independently  in  different  scien¬ 
tific  laooratones;  mainly  by  comparison  of  actual  events  (accid-nts.  deaths,  athletic  re¬ 
cords  etc.)  with  those  expected  by  a  random  distribution.  A  second  method  applied  was 
computing  correlation  of  actual  performance  of  a  laboratory  task  witn  the  phases  of  the 
Biorhythms'  cycles.  We  have  reviewed  15  reports,  13  of  which  appeared  between  1971  and 
1979;  the  results  are  briefly  summarized: 

-  Papalclzos  et  al.  (75),  Psychological  Service  d'Ebauches,  NeuchStel,  Switzerland  (1960): 
The  theory  was  tested  on  500  drivers  who  caused  an  accident;  the  occurrence  of  an  acci¬ 
dent  could  not  be  predicted  by  the  theory  better  than  by  chance. 

-  Kallina  (51),  Verkehrspsychclogisches  Institut  des  Kuratoriums  fur  Verkehrssicherhei t , 
Vienna,  Austria  (1961):  From  birth-dates  of  100  drivers  who  caused  accidents,  the 
"Austrian  Society  for  Biorhythm"  calculated  Biorhythm  phases;  the  authors  then  correlated 
expected  and  actual  frequency  distribution  of  accidents  and  found  that  there  were  no 
significant  differences;  they  concluded  that  there  was  no  influence  of  Biorhythm  phases 
on  the  disposition  to  cause  an  accident. 
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-  liason  (69),  Workman's  Compensation  Board  of  British  Columbia  (1971):  Over  13  000  in¬ 
dustrial  accidents  have  been  investigated  without  a  statistical  significant  correlation 
to  Biorhythm  phases. 

-  Pircher  (79),  FliegerSrztliches  Ir.stitut,  DUbendorf,  Switzerland  (1972;:  More  than 

3  000  air  and  road  accidents  were  investigated:  the  actual  frequency  was  not  significant¬ 
ly  different  from  the  expected  frequency  of  accidents;  it  was  concluded  that  Biorhythm 
is  useless  as  a  mean  for  accident  prevention. 

-  SchOnholzer  et  al.  (90) ,  Forschungsinstitut  der  Eldg.Turn-  und  Sportschule,  Magglingen, 
Switzerland,  and  Sandoz-Wander,  Inc.,  Hanover,  New  Jersey,  USA  (1972):  The  biorhythmic 
characteristics  of  more  than  1  000  athletic  records  were  calculated  by  the  "Biorhythm 
Research  Center,  Switzerland";  then  the  authors  computed  the  level  of  significance 

for  differences  between  the  actual  events  and  their  theoretical  probability,  special 
attention  was  given  to  the  critical  periods;  the  results  demonstrated  that  Biorhythms 
have  no  influence  on  the  frequency  of  such  events;  they  concluded  that  the  idea  of 
Biorhythm  is  a  theory  without  biological  and  mathematical  foundations. 

-  Steinmetz  (91),  Master  Thesis,  Technical  University  Darmstadt  (1972):  The  winner  of 
Olympic  records  in  track  and  field  sports  in  1968  and  the  German  members  of  the  Euro¬ 
pean  championship  in  track  and  field  sports  in  1971  were  investigated;  no  correlation 
between  physical  athletic  performance  and  Biorhythms’  favouiable  and  unfavourable 
periods  were  found;  the  hypothesis  of  proponents  of  the  Biorhythm  theory  that  the  status 
of  the  physical  cycles  decides  defeat  or  victory  in  a  competition  where  athletes  physi¬ 
cally  and  technically  are  equal  was  not  supported;  the  author  quotes  Russian  investig¬ 
ations  of  2  500  cases  of  athletic  world  and  Russian  records  coming  to  the  same  results. 

-  Sacher  (89),  Master  Thesis,  Naval  Post  Graduate  School,  Monterey,  Calif.,  USA  (1974): 

The  author  investigated  the  probability  of  biorhythmic  criticality  and  its  Influence 
on  human  error  and  accidents  based  on  data  from  more  than  4  300  naval  aircraft  mishaps; 
by  straightforward  application  of  critical  days  or  critical  periods  there  was  no  signi¬ 
ficant  influence  from  Biorhythms;  however,  a  significant  lower  number  of  accidents 
than  expected  in  pilots  younger  than  30  were  found  when  a  critical  physical  day  was 
accompanied  by  a  positive  state  of  the  emotional  cycle  (what  is  against  the  Biorhythm 
theory!),  and  in  pilots  older  than  30  when  physical  critical  days  coincided  with  tfc 
negative  state  of  the  emotional  cycle;  with  these  results  it  is  not  easily  compre¬ 
hended  thet  the  author  recommends  "Biorhythmic  Criticality"  to  be  incorporated  into  a 
"Sortie  System  Safety  Evaluation". 

-  Rodgors  et  al.  (87),  Wyoming  State  Hospital  and  University  of  Wyoming,  USA  (1974):  Pre¬ 
dictive  validity  of  Biorhythm  theory  was  tested  with  three  rating  tests  of  a)  general 
feeling  b)  job  performance  and  c)  sleep  quantity  and  quality;  critical  days  did  not 
relate  above  chance  to  any  test  criterion;  it  was  concluded  that  the  critical  days 
hypothesis  was  not  shown  to  be  a  meaningful  concept. 

-  Feinleib  et  ai.  (27),  National  Heart,  Lung  and  Blood  Institute,  Bethesda,  MD,  USA  (1974): 
The  hypothesis  claimed  in  the  literature  that  abnormally  higher  deaths  rates  occur  on 
critical  days  was  tested  on  960  deaths  from  a  long-term  longitudinal  study;  the  re¬ 
sults  appeared  to  contrast  sharply  with  claims  made  by  proponents  of  Biorhythm  theory, 
they  suggest  that  it  is  higlv  unlikely  that  biorhythmic  cycles  influence  when  men  will 
die. 

-  Rey  et  al.  (85),  Instxtut  fUr  mathematische  Statistik  und  Versicherungslehre,  UniversitKt 
Bern,  Switzerland  (1976):  More  than  10  000  cases  of  suicide  in  Switzerland  from  1961 

to  1970  were  used  to  test  the  hypothesis  that  Biorhythms  cause  differences  in  the  fre¬ 
quencies  of  suicides  at  the  various  days  of  the  cycles,  in  particular,  at  critical  days; 
the  results  did  not  support  the  hypothesis;  there  was  no  indication  of  a  verification 
of  the  Biorhythm  theory, 

-  Neil  et  al.  (72),  Man-Machine  System  Design  Laboratory,  Naval  Post  Graduate  School, 
Monterey,  Calif.,  USA  (1976):  For  70  days  .information  processing  vis  followed  in  3  sub¬ 
jects;  the  set  of  performance  data  was  subjected  to  Fast  Fourier  Transforms  in  an 
attempt  to  identify  significant  harmonics;  from  12  significant  harmonics  9  ware  found 
to  be  within  one  day  of  one  of  the  cycles  hypothesized  by  the  theory  of  Biorhythms;  the 
results  were  interpreted  as  suggesting  the  possibility  of  a  biorhythmic  influence  in 
the  performance  of  the  tasks;  however,  no  attempt  was  made  to  correlate  these  rhythms 
to  birthdates. 

-•  Khalil  et  al.  (54),  Department  of  Industrial  Engineering,  University  of  Miami,  Florida, 
USA  (1977):  In  63  aircraft  accidents,  105  cases  of  unscreened  deaths,  181  traffic 
accidents  where  a  driver  was  at  fault,  performance  und  scores  in  23  members  of  a 
swimming  team,  and  in  25  memberr  of  a  bowling  league.  Biorhythm  had  no  significant  in¬ 
fluence;  it  was  concluded  that  r.o  evidence  in  support  of  the  theory  of  Biorhythm  had 
been  found. 

-  Wolcott  et  al.  (108),  Aerospace  Pathology  Division,  Armed  Forces,  Institute  of  Patho¬ 
logy,  Washington,  D.C.,  and  National  Transportation  Safety  Board,  Washington,  D.C.; 
Accident  Investigation  Branch,  Office  of  Aviation  Medicine,  FAA,  Washington,  D.C. 

(1977):  In  more  than  5  000  "pilot-involved"  accident  cases  no  correlation  was  found  bet¬ 
ween  any  aspect  of  the  Biorhythm  theory  and  the  occurrence  of  accidents. 

-  Persinger  et  al.  (78),  Environmental  Psychophysiology  Laboratory,  Department  of 
Psychology,  Laurentian  University,  Sodbury,  Ontario,  Kanada  (1978):  Analysis  of  400 
mining  accidents  demonstrated  that  the  number  of  employees  who  are  involved  with  acci¬ 
dents  on  their  individual  critical  days  of  the  different  cycles  did  not  differ  signi¬ 
ficantly  from  chance  expectancy;  furthermore  the  number  of  employees  .nvolved  in 
accidents  when  their  cycles  were  in  ascending  phases  did  not  differ  significantly  from 
the  number  of  employees  who  were  involved  in  accidents  when  their  cycles  were  in  the 
descending  phases;  neither  empirical  nor  theoretical  support  for  the  Biorhythm  model 
was  found. 

-  Wolcott  et  ai.  (1091,  Aerospace  Pathology  Division,  Armed  Forces,  Institute  of  Patho- 
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logy,  Washington,  D.C.,  USA  < "! 97 9 ) :  In  to  individuals  efficiency  at  a  choice  reaction 
time  did  not  correlate  with  the  phases  of  the  Biorhythm  cycle;  it  was  concluded  that 
performance  was  not  influenced  by  Biorhythms. 

The  obviously  complete  failure  to  verify  the  Biorhythm  theory  with  scientific  methods 
contrasts  to  a  certain  degree  with  some  reports  on  its  successful  application  in  re¬ 
ducing  accident  rates  in  industry  (90,  105,  106).  Where  such  conclusions  are  not  due 
to  a  false  use  of  mathematical  models  they  bring  up  the  question  of  a  potential  suggestive 
power  of  such  a  concept  once  the  persons  concerned  have  confidence  in  its  (pretended) 
predictive  power.  In  this  context  Schbnholzer  (90)  has  pointed  out  a  possible  "Placebo- 
effect"  which  might  be  positive  or  negative;  he  mentioned  athletes  who  failed  in  compe¬ 
titions  obviously  since  Biorhythmic  criticality  had  been  suggested  to  them  for  this  day, 
and  others  who  performed  very  well  in  a  kind  of  "stubborn"  reaction  since  they  knew  they 
were  supposed  to  be  bad.  Wolcott  et  al.  (108)  conclude  their  study  with  the  warning:  "Al¬ 
though  it  has  been  suggested  by  many  advocates  of  the  theory  that  briefing  the  theory  to 
flying  personnel  might  reduce  accidents  rates,  briefing  a  theory  not  proven  by  fact  is 
fraught  with  danger.  It  could  bring  about  a  psychosis  by  association  that,  indeed,  might 
make  pilots  reluctant  to  fly  on  a  critical  day,  especially  a  multiply  critical  day.  In¬ 
dividuals  do  have  "good"  and  "bad"  days;  their  occurrence,  however,  is  not  predictable 
by  the  Biorhythm  theory" . 
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MTROOUCTION 

During  the  past  25  years,  the  field  of  biological  rhythms  has  made  great  strides  and  has  emphasized 
that  all  single  and  multi-cell  organisms  and  a  wide  variety  of  biological  functions  within  these 
organisms  demonstrate  endogenous  oscillatory  behavior.  The  disciplines  of  sleep  research  and 
neuroendocrinology  have  been  at  the  forefront  of  these  issues  because  of  the  critical  interface 
relationships  of  the  central  and  peripheral  nervous  system  and  the  endocrine  secretory  system.  The 
cross  fertilization  of  the  disciplines  of  biological  rhythms,  sleep  physiology  and  neuroendocrinology 
has  led  to  a  series  of  important  observations  v.hich  have  challenged  24  hour  homeostatic  and  steady 
state  concepts.  The  use  of  the  techniques  of  frequent  serial  blood  sampling,  sophisticated  micro¬ 
chemical  assay  techniques,  and  polygraphic  sleep  stage  analysis  have  allowed  studies  to  be  carried 
out  in  man  correlating  large  numbers  of  sequential  multiple  hormone  measurements  with  sleep¬ 
waking  functional  states.  The  results  of  these  studies  have  demonstrated  that  hormonal  control  is 
related  to  a  temporally  "programmed"  series  of  events,  endogenous  circadian  rhythmic  processes  and 
central  nervous  sytem  complex  "state"  relationships.  In  this  review,  1  will  emphasize  both  the 
circadian  and  shorter  term  episodic  patterns  of  those  hormone  systems  that  have  been  most 
extensively  studied.  These  include  ACTH-cortisol;  Growth  Hormone  (GH);  Prolactin;  and  the 
Gonadotrophins,  Luteinizing  Hormone  (LH)  and  Follicle  Stimulation  Hormone  (FSH). 

THE  CIRCADIAN  ACTH-CORTISOL  SECRETORY  PATTERN 

In  order  to  study  the  relationship  between  sleep  stage  patterns  and  the  plasma  cortisol 
concentrations  an  indwelling  venous  catheter  technique  was  devised  to  obtain  plasma  samples  at 
frequent  intervals  with  a  minimum  of  disturbance  to  the  sleeping  subject  (1).  With  sampling  done  at 
30  minute  intervals  rkiring  the  sleeping  period,  it  was  found  that  the  rise  in  plasma  17-OHCS  which 
occurred  during  the  latter  half  of  the  sleep  period,  was  characterized  by  a  series  of  episodic  peak 
evaluations,  indicating  that  catisol  was  being  secreted  in  a  series  of  episodic  secretory  bursts.  This 
finding  was  confirmed  using1  C  labelled  cortisol  and  was  extenaed  to  24  hour  studies  (2).  A 
specific  one  to  one  relationship  between  the  nocturnal  episodes  of  cortisol  secretion  and  the  Non- 
REM-REM  sleep  cycle  however,  was  not  supported  by  the  previous  findings  ir.  relation  to  sleep 
deprivation,  (67)  nor  by  the  dissociation  between  sleep  stage  and  plasma  cortisol  patterns  when  the 
sleep-waking  cycle  was  inverted  (3).  In  detailed  studies  of  the  24  hour  pattern  of  cortisol  secretion 
it  was  found  that  the  cortisol  secretory  pattern  was  an  episodic  one  throughout  the  24  hour  day  with 
a  greater  clustering  of  tne  .pisodes  during  the  latter  half  of  the  sleep  period  and  the  subsequent 
morning  waking  time(4,  5).  Further  confirmation  of  an  episodic  pattern  was  found  when  adrenal  vein 
blood  was  sampled  at  15  minute  intervals  in  man  and  spontaneous  pulses  of  cortisol  secretion  were 
measured  (6). 

Utilizing  a  20  minute  sampling  technique  (72  samples/24  hour  period),  it  was  found  that  only  about 
25%  of  the  24  hours  was  spent  in  active  secretion  with  9  to  11  discrete  episodes  (4).  There  were  four 
unequal  temporal  phases  defined,  with  approximately  40%  of  the  total  daily  secretion  taking  place 
during  a  four  hour  period  in  the  early  morning.  During  the  4  hour  period  in  proximity  to  the  usual 
nocturnal  sleep  onset  time  (e.g.  10PM  to  2AM),  the  cort'sol  concentration  was  usually  extremely  low 
(frequently  0)  and  less  than  5%  of  the  daily  cortisol  output  occurs  during  that  time  period. 

It  is  important  to  emphasize  that  in  normal  man,  a  "basal  level"  or  "steady  state"  of  cortisol  is  not 
presesnt  for  any  extended  time  period  of  the  day  and  there  is  considerable  variability  in  the  lag  time 
and  concentration  values  between  secretory  episodes.  These  findings  indicate  th3t  a  closely- 
controlled  homeostatic  feedback  system  is  not  the  mechanism  for  the  normal  control  of  the  24  hour 
plasma  cortisol  secretory  pattern  but  rather  indicates  that  the  sequence  of  episodic  secretory  events 
is  "programmed"  as  part  of  a  stable  repetitive  daily  pattern  in  concert  with  the  sleep-uaking  cycle 
and  the  general  program  of  biological  rhythms  (7,8). 

The  24  hour  episodic  pattern  of  cortisol  has  been  correla tred  with  plasma  ACTH  measurements  in 
man.  These  studies  have  indicated  that  appropriate  temporal  correlations  are  present  for  the  major 
secretory  episodes  (9,10,5).  When  a  5  minute  sampling  frequency  was  used,  it  was  found  that  several 
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ACTH  episodes  of  short  duration  in  close  temporal  juxtaposition  may  produce  only  one  cortisol 
secretion  episode  with  a  smoothly  rising  concentration. 

The  stability  of  the  circadian  episodic  pattern  of  cortisol  secretion  is  demonstrated  by  several 
recent  studies.  In  a  group  of  normal  subjects  who  were  placed  on  a  3  hour  sleep-wake  schedule  for 
ten  days,  there  was  no  significant  difference  in  the  average  24  hour  cortisol  output,  number  of 
secretory  episodes  and  total  secretory  time  and  all  demonstrated  a  clear  circadian  rhythm  of  piasma 
cortisol  compared  with  the  baseline  pattern  (11).  However,  a  3  hour  cycle  of  secretory  episodes  was 
entrained  to  the  3  hour  sleep  wake  cycle.  A  study  of  seven  totally  blind  subjects  revealed  that  5  had 
a  definite  circadian  pattern  of  episodic  secretion  whereas  two  had  atypical  patterns  without  a  clear 
24  hour  pattern  (12).  The  results  of  a  study  of  the  24  hour  cortisol,  and  growth  hormone  patterns 
and  sleep  stage  patterns  during  the  four  seasons  of  the  year  in  a  group  of  Norwegian  air  force  pilots 
in  Tromsn,  Norway  (above  the  arctic  circle)  demonstrated  no  differences  in  the  circadian  pattern  of 
cortisol,  although  there  was  a  small  increase  in  »he  mean  daily  plasma  concentration  and  amount 
secreted  during  the  autumn  -  winter  compared  with  the  spring  -  summer  seasons  (13).  A  comparison 
of  the  24  hour  cortisol  and  GH  pattern  was  made  between  two  different  behavioral  schedules  of 
healthy  medical  students;  an  "active"  day  with  full,  normal  activities  (classes,  meals,  driving  a  car, 
etc.)  compared  with  a  "basal"  day  of  strict  bed  rest  (lights  on)  without  reading,  conversing  or  other 
external  stimulation  (14).  An  episodic  cortisol  secretory  pattern  was  clearly  present  for  all  subjects 
during  both  the  "activity"  and  basal  24  hour  periods  and  all  had  the  typical  circadian  clustering  of 
episodes  during  both  behavioral  conditions.  However,  higher  peak  concentrations  were  found  during 
the  noon  to  S  PM  waking  portion  of  the  24  hour  day  on  the  "activity"  as  compared  to  the  "basal"  day. 
In  a  recent  psychoendocrine  study,  utilizing  the  frequent  (20  min)  24  hour  sampling  technique, 
Czeisler  (15)  compared  four  patients  on  the  day  before  major  elective  cardiac  surgery  with  normal 
control  subjects.  The  only  difference  found  between  the  two  groups  was  that  a  major  pulse  of 
cortisol  was  secreted  between  9  PM  and  11  PM  for  each  patient  in  the  presurgery  group,  clearly 
caused  by  the  preoperative  preparation  (body  sha*:.ig,  wash  and  enema).  The  rest  of  the  24  hour 
period,  including  the  nocturnal  episodic  pattern,  was  otherwise  the  same  in  the  two  groups. 

These  results  taken  together  indicate  that  most  of  the  episodes  of  cortisol  are  endogenous  and  have 
a  "programmed"  circadian  pattern  of  secretion.  Indeed  the  inter-episode  intervals  and  therefore, 
clustering  of  the  episodes  appear  to  be  the  major  determinant  of  the  circadian  distribution.  The  24 
hour  pattern  is  quite  resistant  to  major  shifts  in  the  sleep-waking  cycle,  on  a  short  term  basis,  but 
when  the  sleep-wake  cycle  is  persistently  phase  shifted,  the  24  hour  cortisol  pattern  will  entrain  to 
it.  In  the  discussion  of  "Biological  Rhythms  of  Man  Living  in  Isolation  from  Time  Cues"  data  will  be 
presented  demonstrating  that  a  new  phase  relationship  is  established  when  a  "free  running"  sleep- 
wake  cycle  takes  place.  Differences  in  waking  behavior,  particularly  those  associated  with  strong 
emotional  anxiety  will  produce  selective  but  transient  episodes  of  cortisol  secretion. 

There  have  been  a  number  of  studies  applying  these  new  concepts  to  clinical  problems. 
Abnormalities  of  the  24  hour  plasma  cortisol  concentration  have  been  found  in  older  patients  with 
psychotic  depression  (16).  Significantly  more  cortisol  was  secreted  during  both  the  dayt  me  waking 
and  nocturnal  hours  of  sleep  with  Loth  an  increase  in  the  number  of  secretory  episodes  and  in  the 
minutes  of  secretion.  After  treatment  and  clinical  improvement,  the  patients'  secretory  patterns 
approached  normality.  The  authors  suggest  that  these  findings  support  the  concept  of  a  dysfunction 
of  CNS  monoaminergic  neuretransmitter  systems  in  this  psychiatric  disease. 

TWENTY-FOUR  HOUR  PATTERN  OF  GROWTH  HORMONE  (GH)  SECRETION 

It  is  now  well  established  that  GH  is  secreted  in  substantial  amounts  during  the  first  2  hours  of  sleep 
at  night  when  the  subject  has  a  normal  sequence  of  nocturnal  sleep  stages  (17,18,19,20).  Following 
sleep  onset  at  night  and  with  the  characteristic  progression  oi  sleep  stage  patterns  (Stage  1-Stage  2- 
Stage  3-4),  the  rapidly  rising  concentration  of  GH  can  be  detected  within  the  first  30  to  45  minutes, 
usually  reaching  a  peak  between  one  to  two  hours.  Following  this  major  episode  of  secretion,  the 
concentration  rapidly  falls  to  extremely  low  concentrations,  usually  zero  by  the  third  hour  of  the 
sleep  period.  In  some  cases  a  second  or  rarely  a  third  smaller  secretory  episode  may  occur  daring 
the  remaining  hours  of  the  nocturnal  *leep  period.  In  repeated  studies,  this  sleep  induced  release  has 
been  found  to  be  the  most  consistent  time  of  GH  secretion  for  the  24  hours.  In  the  study  of  the 
Norwegian  pilots  described  earlier  (13),  in  only  two  of  the  twenty-eight  24  hour  GH  measurements 
did  a  daytime  GH  peak  exceed  the  peak  at  sleep  onset  at  night.  During  the  waking  portion  of  the  24 
hour  period,  infrequent  short  episodes  of  secretion  occur  but  no  consistent  temporal  pattern  has 
been  found.  For  most  of  the  24  hours  in  normal  subjects,  the  plasma  GH  is  either  undetectable  or  at 
very  low  concentration  (  3  ng/ml).  If  sleep  onset  is  delayed  or  prevented  for  many  hours,  the 
expected  GH  release  will  also  be  delayed  and  will  then  occur  in  relation  to  the  delaved  sustained 
sleep  period  (21).  This  sleep  related  release  has  been  correlated  to  the  Stage  3-4  sleep  in  several 
studies  (20,21,22).  Stage  3-4  sleep  characteristically  occurs  within  the  first  3  hours  after  sleep 
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onset  at  night.  In  a  study  carried  out  by  our  group  (23),  we  found  that  the  release  of  GH  coincided 
with  the  development  of  the  EEG  pa  tern  characterized  by  slow  synchronous  activity  ("slow  wave" 
sleep;  in  the  period  after  sleep  onset  at  night.  However,  "slow  w?.-/e"  (stage  3-**)  sleep  is  not  always 
correlated  with  GH  release  since  it  has  been  found  that  especially  during  the  latter  portion  of  the 
night.  Stage  3-4  occurred  without  an  associative  GH  secretory  episode  (20).  In  a  study  of  the 
ontogeny  of  the  24  hour  pattern  it  was  reported  that  in  four  prepubertal  males  (ages  8-15)  GH  was 
secreted  only  during  sleep  and  not  during  the  waking  portion  of  the  day  (24).  In  pubertal  adolescents 
(ages  °/-20)  however,  there  were  frequent  secretory  episodes  (1  to  4)  during  waking,  as  well  as  several 
episodes  (1  to  4)  in  sleep.  There  was  a  7.5  fold  increase  in  estimated  total  amount  secreted  in 
pubertal  children,  compared  with  the  prepubertal  group.  In  young  adults  (ages  23-42)  GH  was 
secreted  during  both  waking  and  sleep,  although  less  so  than  in  the  pubertal  group,  and  in  an  older 
adult  group  (ages  47-62)  there  was  a  great  reduction  in  GH  secretory  episodes,  with  3  of  the  5 
normal  subjects  showing  no  GH  at  any  time  during  a  24  houi  study  period. 

In  several  more  recent  reports  (25,26,27),  using  the  technique  of  integrated  sampling  (continuous 
pump  withdrawal  of  blood  with  sampling  at  30  minute  intervals),  it  is  reported  that  prepubertal 
children  do  secrete  GH  during  the  waking  state  as  well  as  sleep,  but  the  amounts  are  less  in 
prepuberty  compared  to  puberty;  adult  subjects  were  also  found  to  secrete  less  hormone  than 
pubertal  children.  In  infants  it  has  been  shown  that  GH  has  a  high  plasma  concentration  range 
throughout  the  24  hour  day,  although  a  sleep-wake  relationship  has  not  been  well  documented 
(28,29,30). 

The  relation  between  daytime  (tapping  and  GH  secretion  (31,32)  was  clearly  shown  in  a  study 
recently  carried  out  by  our  group  (33,34)  in  which  15  of  18  secretory  episodes  during  the  daytime  for 
the  6  subjects  on  a  "basal"  day  (see  previous  section)  were  clearly  related  to  a  polygraphically 
defined  daytime  nap.  In  the  "activity"  day  group  without  naps,  there  were  1 1  daytime  secretory 
episodes. 

It  is,  of  course,  well  known  that  other  stimuli  will  induce  a  GH  secretory  episode  during  the  day,  in 
man  (35).  These  include,  arginine  infusion,  insulin  hypoglycemia,  venipuncture,  nonspecific  stress, 
L-Dopa  (68,51,70-72).  It  has  been  considered  that  there  is  a  relationship  of  GH  secretion  to  meals 
(post-prandial  rise);  recent  work  has  challenged  that  concept  with  evidence  that  there  was  no 
reproducible  GH  secretion  temporally  related  to  meals  (36).  Although  an  earlier  study  did  not  report 
an  increase  in  GH  secretion  during  nocturnal  sleep  after  heavy  daytime  exercise  (37),  a  more  recent 
study  did  show  an  increased  amount  and  earlier  rise  ot  the  sleep  related  Gh  secretion,  but  without  a 
concomitant  increase  in  stages  3-4  sleep  in  ten  of  twelve  subjects  studied  after  heavy  daytime 
exercise  in  non-athletes  (38). 

We  studied  the  GH  secretion  during  sleep  in  a  group  of  seven  blind  subjects,  and  found  that  six  had 
clear  sleep  related  release  of  GH  (12).  The  two  subjects  with  low  or  absent  sleep  GH  release  had  the 
most  abnormal  sleep  pattern  with  markedly  reduced  stage  3-4  sleep.  The  importance  of  relating  GH 
secretion  during  sleep  at  night  or  during  daytime  naps  to  polygraphically  defined  sleep  stages  is 
strongly  emphasized. 

The  application  of  these  findings  to  clinical  problems  has  been  increasing.  In  each  of  5  jsatients  with 
acromegaly,  the  24  hour  pattern  of  GH  differed  from  normal  (39).  The  GH  concentration  never 
reached  undetectable  levels  during  the  24  hour  sampling  period  (every  20  minute  sampling),  in 
addition,  rapid  changes  in  concentration  were  found  indicating  frequent  distinct  episodic  secretions. 
The-efcre,  although  GH  concentrations  m  several  patients  were  found  to  be  within  the  normal  range, 
the  24  hour  pattern  was  grossly  abnormal  and  resulted  in  markedly  increased  GH  production  over  a 
24  hour  period.  In  these  patients  the  24  hour  curve  appeared  to  have  a  circadian  pattern,  with  high 
values  at  approximately  4  AM  and  low  values  at  4  PM,  although  a  clear  sieep  related  release  was 
seen  in  only  one  patient. 

THE  PATTERN  OF  PROLACTIN  SECRETION  DURING  SLEEP  AND  WAKING  IN  MAN 

A  specific  and  sensitive  radioimmunoassay  for  the  measurement  of  human  prolactin  in  plasma  has 
been  available  for  only  a  few  years  (40,41).  Therefore,  the  analysis  of  the  24  hour  pattern  of  its 
secretion  has  only  begun.  Nevertheless,  it  has  been  clearly  demonstrated  that  there  is  a  relation  to 
the  sleep-wake  cycle  (42,43).  In  all  adult  subjects  studied  a  large  increment  in  the  plasma  prolactin 
concentration  takes  place  between  60  to  90  minutes  after  the  sleep  onset  period  at  night  and  is 
generally  followed  by  a  series  of  even  largei  secretory  episodes  resulting  in  progressively  higher 
plasma  concentrations  during  the  night  with  peak  values  occurring  at  the  end  of  the  sleep  period, 
generally  at  5  to  7  AM.  Upon  awakening,  a  rapid  fall  in  concentration  occurs  with  plasma 
concentration  reaching  the  lower  daytime  waking  values  by  10  AM.  Although  the  pattern  of  release 
of  prolactin  during  both  waking  and  sleep  is  clearly  episodic,  the  pattern  differs  from  that  of 
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cortisol  and  GH  in  that  orolactin  never  falls  to  undetectable  values  in  normal  subjects  .  When  the 
sleep  time  is  shifted  or  the  sleep-wake  cycle  is  inverted,  it  has  been  shown  that  prolactin 
immediately  is  dependent  on  the  occurrence  of  sleep  and  not  on  an  inherent  rhythmic  secretion 
pattern  such  as  is  the  case  for  the  ACTH-Cortisol  system  (44). 

In  a  recent  study,  (45)  analysis  of  the  relationship  between  the  episodes  of  prolactin  secretion  during 
sleep  and  the  Non-REM-REM  sleep  stage  cycle  demonstrated  that  a  sha»T>  rise  of  prolact  n  takes 
place  at  the  beginning  of  the  Non-REM  period  and  then  falls  prior  to  the  onset  of  the  next  REM 
period.  Lowest  concentrations  are  present  during  REM  sleep  and  highest  values  occur  in  the  middle 
of  the  Non-REM  period.  They  confirmed  the  very  rapid  decrease  in  prolactin  concentration  upon 
awakening  and  found  no  difference  whether  awakening  took  place  from  a  REM  or  Non-REM  sleep 
stage.  It  has  also  been  shown  that  prolactin  is  secreted  in  larger  amounts  during  the  daytime  naps 
(43). 

The  hypothalamic  mechanism  of  control  of  prolactin  is  considered  to  be  primarily  via  an  "inhibitory" 
rather  titan  a  "releasing"  factor.  Prolactin  concentrations  are  frequently  quite  elevated  in  patients 
with  pituitary  and  hypothalamic  tumors  (46).  Like  GH  and  the  ACTH-  Cortisol  hormones,  prolactin 
will  be  released  in  response  to  a  variety  of  stimuli.  These  include  stress,  hypoglycemia,  suckling  in 
post  partum  women,  strenuous  excercise  and  a  number  of  psychotropic  drugs.  However,  L-DOPA 
administered  to  man  will  consistently  produce  a  decrease  in  prolactin  secretion  (47,48,49)  whereas  it 
characteristically  stimulates  GH  secretion  (50,51). 

THE  RELATIONSHIP  OF  GONADOTROPHIN  HORMONE  LH  AND  FSH 
SECRETION  TO  SLEEP-WAKING  PATTERNS 

The  application  of  the  24  hour  frequent  plasma  sampling  technique  to  the  gonadotropin  system  has 
been  quite  fruitful  and  has  demonstrated  that  there  are  important  sleep-wake  relationships.  Perhaps 
the  most  significant  finding  is  that  in  normal  pubertal  boys  and  girls  a  major  increment  in  plasma  LH 
concentrations  occurs  in  an  episodic  pattern  during  the  nocturnal  sleep  period  (52).  No  sex 
difference  was  found.  In  pre-pubertal  children  this  sleep  LH  augmentation  was  not  found  and  the 
values  are  in  a  low  range  of  concentration.  In  general,  a  relation  was  noted  between  the  number  of 
LH  episodes  and  the  number  of  sleep  cycles:  the  LH  episode  interval  of  70  to  minute  Non-REM- 
REM  cycle.  The  temporal  relation  to  sleep  stages  suggests  that  LH  secretion  is  initiated  during 
Non-REM  sleep  and  terminates  in  relation  to  the  REM  sleep  stage.  As  puberty  proceeds  the  sleep 
related  enhanced  secretory  episodes  also  occur  during  the  waking  portion  of  the  24  hour  period  so 
that  by  the  completion  of  sexual  maturation,  the  sleep  and  waking  patterns  are  equivalent  with 
respect  to  both  the  mean  concentration  and  the  episodic  pattern.  The  sleep  augmented  LH  release 
has  been  shown  to  be  associated  with  a  corresponding  increase  in  testosterone  (53). 

Acute  inversion  of  the  sleep-wake  cycle  in  a  group  of  pubertal  boys  demonstrated  a  concomitant  and 
immediate  shift  of  the  augmented  secretory  pattern  of  LH  and  testosterone  during  daytime  sleep 
(54).  Although  the  mean  LH  and  testosterone  concentration  was  higher  during  daytime  sleep  as 
compared  with  the  nocturnal  waking  values,  hie  latter  values  were  significantly  greater  than  the 
daytime  waking  values  obtained  prior  to  the  sleep-wake  phase  shift. 

These  findings  indicate  that  the  relationship  between  CNS  sleep  processes  and  LH  hormonal  release 
via  hypothalamic-pituitary  control,  is  the  major  mechanism  for  »he  initiation  and  subsequent 
maturation  of  sexual  pubertal  changes.  In  normal  adult  men,  we  found  that  LH  w>«  seceted 
episodically  (approximately  12  episodes  for  a  24  hour  period),  but  we  were  unabl"  to  demonstrate  a 
24  hour  sleep-wake  relationship  (55).  Rubin,  et  al  (56)  reported  that  in  men  LH  values  were  14% 
greater  during  REM  periods  when  compared  to  other  sleep  stages  combined.  Nankin  and  Troen  (57) 
reported  that  LH  serum  values  were  highest  in  men  between  3  and  7  AM  during  the  sleep  period 
compared  with  earlier  evening  values.  In  a  recent  report,  concomitant  measurement  of  Luteinizing 
Hormone-Releasing  Factor  (LRF)  with  LH  in  man  indicated  that  the'e  was  an  ovtral  correlation 
between  the  two  assays,  but  at  times  there  was  a  discordant  relationship  (58,59).  A  nocturnal  rise  in 
plasma  testosterone  in  normal  men  has  been  found  (60,61)  with  a  temporal  relation  with  LH 
secretory  episodes  (62).  This  testosterone  augmentation  is  probably  of  teshca!  origin  since  it  can  be 
dissociated  from  the  cortisol  correlated  pulses  of  androsienedione  and  dehydroepiandrostercne  (72). 
It  is  therefore  possible  that  the  enhanced  secretion  of  testosterone  during  sleep  may  be  due  to  local 
changes  in  testosterone  during  sleep  may  be  due  to  local  changes  in  testicular  function  s-:rh  as 
alteration  in  blood  flow-related  to  autonomic  nervous  svtem  changes  (59,62). 

There  have  been  a  scries  of  studies  in  sexuaily  mature  women  investigating  the  24  hour  pattern  of 
LH  and  FSH  secretion  during  selected  portions  of  the  menstrual  cycle.  The  gonadotropin  hormones 
have  been  shown  to  be  secreted  in  an  episodic  manner,  however,  the  pattern,  freauenc  v  and 
amplitude  differ  depending  on  the  phase  of  the  cycle.  During  the  early  follicular  phase,  LH  is 
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secreted  by  a  sequence  of  10  to  15  episodes  during  the  24  nour  period  f63).  Instead  of  a  major 
increment  of  LH  during  sleep  such  as  is  found  in  pubertal  children,  a  significant  decrease  in  the 
plasma  LH  concentration  was  found  during  the  first  3  hours  after  sleep  onset.  'J'hen  the  inset  of  the 
first  stage  2  was  used  as  reference  point,  a  33%  decrease  from  the  mean  LH  was  found  for  the  3 
hours  of  sleep.  This  was  not  found  in  an  age  matched  normal  male  group.  Acute  inversion  of  the 
sleep-waking  cycle  in  women  during  the  follicular  phase  demonstrated  that  this  early  sleep  LH 
concentration  decrease  was  present  during  the  daytime  sleep  period  as  weh  (54).  These  findings 
suggest  that  transient  inhibition  of  LH  secretion  occurs  shortly  after  sleep  onset  and  that  the 
sequence  of  sleep  stages  2,  3  and  4  may  be  an  important  factor. 

During  the  peri-ovulatory  phase  of  the  menstrual  cycle  at  the  time  of  the  LH  "surge",  large 
recurrent  seoetory  episodes  were  present,  superimposed  on  a  progressive  elevation  of  the  baseline 
concentration  (64).  In  three  subjects,  the  presumptive  onset  of  the  LH  surge  appeared  to  take  place 
in  close  proximity  to  the  end  of  the  nocturnal  sleep  period. 

During  the  mid  and  late  luteal  pnases,  a  diminished  frequency  of  secretory  pulses  have  been  found 
with  an  interval  of  3  to  4  hours  (65).  Although  pulsatile  secretion  of  FSH  is  not  as  prominent  as  LH, 
nevertheless  similar  changes  were  found  during  the  early  follicular  and  rr.id-cycie  ohases. 

Coincidental  pulses  of  FSH  and  LH  are  found  in  postmenopausal  v.  men  and  in  patients  with  gonadal 
dysgenesis  in  which  the  feedback  loop  from  ovarian  steriods  is  absent  (66). 

CONCLUSION 

It  is  not  well  established  that  hypothalamic-pituitary  hormonal  systems  have  temporal  patterns  of 
secretion  that  are  clearly  related  to  the  24  hour  sleep-waking  activity  in  man.  Each  of  the  four 
hormonal  systems  f/.CTH-cortisol,  Growth  Hormone,  Prolactin  and  Gonadotropin  hormones) 
discussed  in  this  report  has  its  own  temporal  organization  and  response  pattern  to  alterations  of  the 
sleep-wake  cycle  and  no  single  principle  or  mechanism  can  explain  these  patterns.  Previous 
concepts  of  con-tancy  of  blood  levels  in  regard  to  closed  loop  feedback  control  are  challenged  by 
data  that  demonstrates  widely  fluctuating  hormone  concentrations  produced  by  episodic  secretory 
activity. 

Cortisol  and  ACTH  are  clearly  secreted  in  an  episodic  manner  with  the  episode  frequency  occurring 
on  a  24  hour  basis.  The  24  hour  cortisol  pattern  is  relatively  resistant  to  shift  of  the  sleep-wake 
cycle  and  can  be  dissociated  from  sleep  in  spite  of  a  highly  correlative  relationship  under  normal, 
stable  circadian  conditions. 

Growth  hormone  secretion  at  night  is  intimately  related  to  sleep  and  closely  associated  with  the 
specific  sleep  stages  3  and  4,  particularly  m  relation  to  the  period  immediately  after  sleep  onset.  If* 
contradistinction  to  the  cortisol  pattern,  the  secretion  of  GH  can  be  readily  shifted  by  shifting  the 
time  of  sleep. 

Prolactin  is  also  secreted  in  larger  amounts  during  the  night's  sleep  period,  with  initiation  just 
following  sleep  onset  and  increasing  in  an  episodic  manner  throughout  the  sleep  period.  There  is  an 
abrupt  fall  in  concentration  upon  awakening  in  the  morning.  An  immediate  shift  of  this  pattern 
occurs  with  a  shift  of  sleep  time. 

The  findings  for  gonadotropin  hormones  strongly  suggest  that  in  man  CNS  sleep  mechanisms  are 
intimately  involved  in  the  initiation  and  maturation  of  normal  pubertal  hormonal  changes.  In 
pubertal  boys  and  girls,  there  is  an  augmented  release  of  LH  with  sleep  at  night  and  if  sleep  is 
shifted,  the  LH  increment  is  also  shifted.  During  the  follicular  phase  of  tne  menstrual  cycle  in 
sexually  mature  women,  there  appears  to  be  a  transient  decrease  in  LH  plasma  concentration. 
Although  the  data  in  general  does  not  support  a  clear  sleep-wake  relationship  for  LH  m  mer, 
nevertheless  there  does  appear  to  be  a  nocturnal  increase  in  testosterone.  In  pubertal  boys  there  is 
a  clear  increase  in  testosterone  concentration  accompanying  the  sleep  rise  of  LH. 

The  findings  from  these  studies  have  begun  to  provide  new  diagnostic  and  mechanistic  insight  ana 
emphasize  the  potential  usefulness  of  applying  a  chronobiologic  analysis  to  the  relations  between  24 
hour  neuro-endocrine  events  and  sleep-wake  cycling  in  man. 
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SUMMARY 

Disturbed  sleep  results  in  feelings  of  fatigue  and,  usually,  in  impaired  perform¬ 
ance  regardless  of  whether  the  disturbed  sleep  is  due  to  excessive  noise  or  a  chronic 
sleep  disorder.  In  addition  to  noise,  some  other  environmental  factors  that  disturb 
sleep  are  temperature,  unscheduled  operational  demands  that  fragment  sleep  time, 
rotating  shift-work  schedules,  and  operational  requirements  that  result  in  air  travel 
across  several  time  xones.  While  appropriate  attention  to  sleep  logistics  may  minimize 
the  environmental  causes  of  disturbed  sleep,  resolution  of  the  disturbed  sleep  of  those 
with  sleep  disorders  is  more  difficult.  The  focus  in  sleep  disorders  must  be  on  the 
individual.  The  major  sleep  complaint  is  insomnia,  not  enough  sleep,  usually  due  to 
prolonged  sleep  latency.  A  more  serious  medical  problem,  however,  nay  be  the  complaint 
of  excessive  daytime  sleep  or  hypersomnia.  Most  patients  with  complaints  of  hypersomnia 
are  usually  diagnosed  as  having  narcolepsy  or  sleep  apnea.  Relative  to  narcolepsy, 
sleep  apnea  (episodes  of  respiratory  arrest  during  sleep)  has  only  recently  received 
attention.  In  addition  to  a  sleep  problem,  sleep  apneic  patients  may  have  hypertension 
and/or  cardiac  arrhythmia. 

INTRODUCTION 

The  suggested  title  of  ray  first  talk  was,  initially,  "Sleep  Disturbances  in  Man." 
Since,  in  the  United  States,  there  is  a  concerted  effort  to  remove  all  reference  to  sex 
(in  fact,  the  Defense  Department  has  a  task  force  to  survey  all  manuals  and  writings  to 
make  sure  that  references  to  men  and  women  are  not  used) ,  my  first  act  in  preparing  this 
lecture  was  to  change  the  title  to  "Sleep  Disturbances  in  Humans."  After  this  decision 
was  made,  then  the  problem  became,  how  was  I  going  to  define  sleep  disturbances? 

Further,  with  respect  to  performance,  is  there  a  difference  between  disturbed  sleep  and 
sleep  disturbances?  One  person  may  be  unable  to  go  to  sleep  because  of  excessive 
outside  noise,  another  may  stay  awake  for  2  hours  as  thoughts  keep  racing  through  his/her 
mind,  or  another  person  may  have  problems  staying  awake.  All  three  have  a  sleep  problem. 
Persons  who  have  problems  staying  awake  could  have  a  problem  of  excessive  daytime 
sleepiness  because  (1)  the  noise  kept  them  awake  during  the  night,  (2)  they  have  chronic 
insomnia  and  cannot  sleep,  (3)  they  may  be  having  sleep  apneic  attacks  and  thus  are  not 
getting  restful  sleep,  or  (4)  they  may  be  suffering  from  narcolepsy. 

There  have  been  numerous  ways  of  classifying  sleep  problems,  but  none  have  yet 
gained  universal  acceptance.  In  the  United  States,  the  Association  of  Sleep  Disorders 
Centers  is  working  on  the  classification  of  sleep  disorders,  but  no  conclusions  have  yet 
been  reached.  Traditionally,  sleep  disorders  have  been  classified  into:  the  insomnias, 
a  complaint  of  not  enough  sleep;  the  hypersomnias,  where  there  is  excessive  sleep;  and 
the  dyssomnias.  The  latter  category  includes  miscellaneous  sleep  disturbances  such  as 
enuresis,  sleepwalking,  bruxism,  or  night  terrors.  There  are  many  problems  with  such  a 
classification  even  though  the  simplicity  is  appealing.  For  example,  excessive  daytime 
sleepiness,  the  hallmark  of  hypersomnia,  could  also  be  an  outcome  of  chronic  insomnia. 
Narcoleptics,  on  the  other  hand,  generally  complain  of  hypersomnia,  and  also  of  poor 
nighttime  sleep,  or  insomnia.  Hauri,1  in  a  very  readable  pamphlet  on  the  sleep  disorders, 
first  separates  the  problem  into  primary  and  secondary  sleep  disorders.  For  Hauri, 
primary  sleep  disorders  include  the  disorders  in  which  disturbances  or  abnormalities  of 
sleep  are  the  principal  or  only  symptoms  of  the  problem.  In  this  category,  he  includes 
sleep  apnea,  narcolepsy,  and  primary  insomnia.  It  is  interesting  that  patients  with 
night  epilepsy  are  diagnosed  as  nocturnal  epileptics,  while  those  who  have  problems 
breathing  only  at  night  are  considered  to  have  a  sleep  disorder.  Secondary  sleep  dis¬ 
orders  are  those  in  which  the  sleep  problem  is  only  part  of  a  symptom  complex  belonging 
to  a  more  widely  ranging  clinical  problem.  Among  the  secondary  sleep  disorders,  Hauri 
lists  sleep  disorders  secondary  to  psychiatric  problems,  secondary  to  medical  problems, 
or  secondary  to  behavioral  problems.  In  a  third  category,  the  parasomnias,  Hauri 
includes  sleepwalking,  nightmares,  enuresis,  and  bruxism.  others  have  referred  to  these 
as  dyssomnias,  but  Hauri  points  out  that  Dorland's  Illustrated  Medical  Dictionary  has 
preempted  that  terra  by  defining  dyssomnia  as  any  disorder  of  sleep.  Hauri 's  classifica¬ 
tion  will  help  those  who  are  attempting  to  bring  some  order  into  the  emergence  of  a  new 
clinical  subspecialty  concerned  exclusively  with  problems  of  sleeping  and  waking. 

While  later  on  in  this  lecture  I  will  discuss  what  is  now  being  referred  to  as  the 
sleep  disorders,  such  a  focus  on  the  more  medical  aspects  of  those  with  sleep  problems 
would  not,  I  believe,  accurately  reflect  the  range  of  interests  of  this  audience.  For 
some  in  this  group,  the  most  important  sleep  problem  may  be  that  produced  by  the  opera¬ 
tional  requirements  of  the  mission;  e.g.,  the  irregular  hours  for  sleep  during  extended 
periods  of  semicontinuous  performance  or  thr  severe  environmental  factors  present  in  the 
sleep  environment.  Thus,  before  looking  at  sleep  disturbances  which  would  be  grouped 
under  the  category  of  sleep  disorders  and  thus  requiring  attention  by  sleep  experts, 
let's  quickly  look  at  mission  requirements  or  environmental  factors  that  might  produce 
disturbed  sleep.  The  alleviation  of  these  operational  and  environmental  causes  of  sleep 
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disturbances  rests  more  with  the  operational  commanders  than  with  sleep  disorder  experts. 
In  an  early  article  entitled  "Sleep  starvation  and  You,"  Harold  Williams,  then  a 
Lieutenant  Colonel  in  the  United  States  Army,  emphasized  that  the  commander  should  plan 
the  logistics  of  sleep  with  the  same  attention  he  gives  to  supplying  food,  ammunition, 
and  other  essentials.2 


Environmental  Factors 

Whether  we  are  talking  about  sleep  logistics  or  sleep  disorders,  we  are  concerned 
with  determining  the  amount  of  sleep  necessary  for  efficient  daytime  functioning.  We 
know  that  sleep  needs  vary,  and  insomnia  cannot  be  defined  in  terms  of  absolute  hours  of 
sleep.  A  person  who  needs  9  hours,  but  is  chronically  unable  to  obtain  more  than  5, 
would  probably  say  he  has  a  sleep  problem.  But  a  person  who  only  needs,  and  obtains,  5 
hours  of  sleep  each  night  does  not  complain.  For  the  operational  commander,  a  person 
has  a  sleep  disturbance  whenever  the  amount  of  sleep  obtained  during  a  24-hour  period  is 
insufficient  to  maintain  effective  waking  performance.  The  type  of  sleep— £.*.,  sleep 
stage  components — does  not  appear  to  be  important.3  Even  in  those  instances  where  all- 
night  sleep  recordings  have  been  obtained,  there  are  no  commonly  accepted  criteria  for 
the  electroencepnalographic  (EEC)  classification  as  to  quality  of  sleep.  Some 
researchers  spend  a  great  deal  of  their  efforts  defining  how  much  rapid  eye  movement 
(REM)  sleep  was  obtained,  and  others  focus  on  the  amount  of  slow  wave  sleep  (SWS) , 
stages  3  and  4,  that  was  present.  Others  are  preoccupied  with  the  latency  to  the  first 
stage  REM  or  the  latency  to  SWS  or  the  number  of  REM  periods  that  occurred  during  sleep 
or  with  REM  density,  the  number  of  eye  movements.  Although  these  may  be  important  basic 
questions  for  sleep  researchers,  at  the  present  time,  there  are  no  data  to  indicate  that 
one  type  of  sleep  has  any  unique  recuperative  value  than  another.3  In  this  lecture,  out¬ 
side  of  noting  the  effects  of  sleep  loss  on  sleep  stages,  I  will  not  focus  on  the  amount 
of  stage  REM  or  the  amount  of  stage  4  obtained,  or  not  obtained,  as  an  indicator  of  a 
sleep  disturbance.  Instead,  I  will  concentrate  on  findings  with  respect  to  total  wake 
time,  total  sleep  time,  sleep  latency  (time  to  first  stage  2),  number  of  awakenings, 
number  of  stage  changes,  and  the  number  of  movements .  These  values  were  used  success¬ 
fully  as  a  measure  of  "goodness"  of  sleep  to  measure  the  withdrawal  effects  in  a  group 
of  chronic  alcoholics.1 4  These  measures  also  have  been  found  to  separate  good  and  poor 
sleepers  and  to  be  useful  in  measuring  the  effects  of  various  drugs  on  sleep. 


Environmental  Influences  on  Sleec 


Noise.  The  effects  of  noise  on  sleep  have  been  extensively  studied,s  and  Lukas6 
has  done  a  literature  review.  Mu ret7  presented  a  paper  at  the  Third  European  Congress 
on  Sleep  Research  entitled  "Environment  and  Human  Sleep,"  which  reviewed  the  problem  of 
noise  as  well  as  temperature  and  altitude.  The  effects  of  noise  on  sleep  are  not 
necessarily  determined  by  the  loudness,  in  decibels,  of  the  noise.  Lukas,  in  his  review, 
cites  studies  which  show  that  the  older  the  individual,  the  aore  likely  he  is  to  be 
awakened  or  to  change  sleep  stage  as  a  result  of  environmental  noise.  Thiessen,8  in  a 
comparison  of  young,  middle-aged,  and  old  subjects,  found  that  the  younger  subjects 
(those  between  16  and  25  years)  were  as  easily  aroused  by  truck  noise  as  the  older 
subjects  who  ranged  from  55  to  77  years.  Middle-aged  subjects,  those  between  the  ages 
of  46  and  51,  were  less  disturbed  by  truck  noise.  Lukas  reports  that  women  generally 
have  a  lower  arousal  threshold  than  men,  citing  studies  by  Wilson  and  Zung,*  Steinicke,10 
and  Lukas  and  Dobbs.11  However,  Muzet,  Schieber,  01i'>ier-Martin,  Ehrhart,  and  Metz12 
found  that  men  were  more  responsive  than  women,'  though  the  differences  were  not  statis¬ 
tically  significant. 


In  addition  to  the  loudness  of  the  tone,  the  difference  between  the  peak  and  back¬ 
ground  levels  of  the  noise  has  been  found^tb  be  important.  The  greater  the  difference 
between  the  background  and  peak  noise  levels,  the  greater  are  the  sleep  modifications 
observed.12*13  Several  investigators  have  also  found  that  the  effects  of  noise  depend  on 
its  personal  significance  for  the  sleeper. **,—1 9  The  more  significant  the  stimuli  with 
respect  to  either  personal  meanings  or  to  survival  of  a  subject,  i.e. ,  indications  of 
danger,  the  lower  the  decibel  level  required  to  bring  about  awakening. 


To  those  who  have  slept  in  a  noisy  environment,  personal  observations  indicate  that 
one  can  eventually  sleep.  However,  the  question  of  habituation  to  noise  during  sleep  is, 
as  yet,  unanswered.  While  the  number  of  awakenings  clearly  decreases  with  repeated 
noise,  studies  of  long-term  exposure  to  noise  have  all  found  that,  while  awakenings  to 
repeated  noise  may  not  occur,  there  are  clear  autonomic  changes  indicating  phasic  sympa¬ 
thetic  nervous  system  activation  and  EEG  indications  of  a  change  to  a  lighter  stage  of 
sleep  to  many  of  the  noises.8*13”22  Also,  even  after  30  days  of  24-hour  exposure  to  brief, 
clearly  audible  pings,  there  was  a  measurable  brain-evoked  response  during  sleep.20 
Muzet  and  Ehrhart?3  have  noted  a  similar  failure  of  the  heart  rate  response  to  habituation 
to  noise  during  sleep.  Although  changes  in  sleep  quality  may  diminish  with  repeated  ex¬ 
posure  to  noise,  the  physiological  responsivity  does  not  habituate  and  the  physiological 
changes  tu  chronic  noise  are  unknown. 

Ambient  temperature  and  sleep.  Thu  effects  of  ambient  temperature  on  human  sleep 
have  not  been  extensively  studied.  Most  of  the  work  in  this  area  has  been  reported  by 
Muzet  and  his  colleagues  at  the  Centre  National  de  la  Recherche  Scientifique  (CNRS)  in 
Strasbourg,  France,  where  they  have  very  well-controlled  climatic  chambers.  The  results 
obtained  at  the  present  time  seem  to  indicate  that  when  sleeping  either  at  too  low  or 
too  high  an  ambient  temperature,  sleep  is  disturbed,  with  an  increase  of  wakefulness  and 
body  movements.24”26 
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Altitude  and  sleep.  Reite,  Jackson,  Cahoon,  and  Well,27  studying  6  subjects  at  50 
and  430  meters,  noted  that  the  Intense  subjective  complaints  of  sleepiness  were  dispro¬ 
portionate  to  the  sleep  observed  during  REG  recordings.  Reite  et  al.  also  found  that 
the  few  EEG  changes  that  were  initially  observed  in  sleep  soon  returned  to  low-altitude 
levels.  Joern,  Shu::  ley,  Brooks,  Gunter,  and  Pierce2*  and  Natani  and  his  colleagues ,2,»3e 
in  a  study  at  high  altitude  (2804  meters)  at  Adaundsen  Scott,  of  Americans  stationed  at 
the  South  Pole,  reported  little  variability  in  total  sleep  time.  They,  however,  did 
find  an  increase  in  sleep  latency. 

Variability  in  Work/Sleep  Schedules  and  Sleep  Disturbances 

Except  for  missions  that  require  continuous  or  semi continuous  operations,  such  as 
the  9-day  mission  of  Exercise  “Early  Call" 31  and  that  concerned  with  the  team  efficiency 
of  a  Fire  Direction  Center  Team  in  simulated  sustained  operations,32  total  sleep  loss  is 
not  the  major  sleep  disturbance  produced  by  operational  requirements .  Fragmented  sleep 
and  partial  sleep  loss  are  the  most  coasaon  findings.  While  regular  sleep  habits  do  not 
necessarily  insure  an  adequate  amount  of  sleep,  irregular  sleep  habits  almost  always 
lead  to  a  sleep  debt  and  may  cause  disturbances  in  chemical  and  physiological  rhythms 
which  are  normally  on  a  24-hour  schedule.  In  the  U.S.  Navy,  it  is  difficult  to  maintain 
a  regular  sleeping  schedule  and  still  man  the  various  shipboard  watches.  About  3  years 
ago,  Paul  Naitoh,  Ph.D.,  a  psychologist  on  our  staff,  compared  sleep  schedules  aboard 
the  carrier,  USS  Kitty  Hawk,  and  the  destroyers,  USS  Tucker  and  USS  Roark,  with  the 
sleep  of  men  in  land-based  barracks,  called  “Ping  B"  in  this  comparison,  under  Ping  B 
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Hours  of  Uninterrupted  Sleep 


Fig.  1.  Profiles  show  periods  of  uninterrupted  sleep  for  crew  members  aboard 
three  U.S.  Navy  ships  and  for  shore-based  Navy  personnel. 
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Hours  Since  lost  Sloop 


Fig.  2.  Profiles  of  shipbosrd  and  shore-based  sleep/wake  cycles  reflect  frag¬ 
mentation  of  shipboard  sleep. 


conditions.  75*  of  the  men's  sleep  was  uninterrupted  for  6  to  9.5  hours,  and  the  group's 
sleep  pattern  was  symmetrical  (Figure  1) .  But  shipboard  sleep  differed  considerably; 
only  about  30  to  35*  of  the  crew  obtained  6  to  9  hours  of  uninterrupted  sleep,  while 
approxioately  50*  of  the  crew  got  less  than  4  hours  of  uninterrupted  sleep.  Even  sore 
striking  was  the  disruption  of  the  sleep/wske  cycle  in  shipboard  sleep  (Figure  2).  Most 
of  us  prefer  a  schedule  of  8  hours  of  sleep,  followed  by  16  hours  awake.  Ping  B  condi¬ 
tions  reflect  this  preference,  with  most  subjects  reporting  16  to  18  hours  between  sleep 
periods.  Again,  shipboard  sleep  was  dramatically  different.  The  sleep/wake  cycle  was 
clearly  fragmented,  with  the  time  between  sleep  ranging  from  1  to  22  hours.  Foret  and 
Lantin 33  have  reported  on  the  sleep  of  10  train  drivers  of  mainland  trains  on  the  South¬ 
west  Network  in  France.  While  the  average  duration  of  their  sleep  was  6  hours  and  22 
minutes  for  working  days,  and  7  hours  and  59  minutes  for  rest  days,  the  variability  of 
their  sleep  was  almost  as  great  as  that  reported  by  Naitoh  for  the  sailors  aboard  ship. 
Foret  and  Lantin  found  that  the  starting  time  of  the  sleep  period  was  particularly 
important  in  determining  the  duration  of  the  sleep.  Sleep  that  began  after  6  o'clock  in 
the  morning,  and  before  11  o'clock  at  night,  ranned  from  1  to  5  hours  in  duration,  while 
the  sleep  that  began  between  11:00  at  night  and  .-:00  in  the  morning  ranged  from  6  to  10 
hours  (Figure  3) .  Foret  and  Lantin  concluded  that  the  duration  of  unbroken  sleep 
periods  is  an  inverse  function  of  bedtime  and  an  almost  linear  one  at  that. 

Shift  work.  Although,  for  most  shift  workers,  sleep  is  *.ot  as  fragmented  as  that 
reported  by  Foret  and  Lantin,53  sleep  is  a  major  concern  in  tne  life  of  shift  workers, 
particularly  when  they  work  at  night.  Maurice  and  Monteil,  cited  by  Rutenfranx, 
Colquhoun,  Knauth,  and  Ghata,51*  showed  that  whereas  50*  of  the  people  with  normal  daywork 
sleep  for  7  to  8  hours,  of  3  shift  workers  in  afternoon,  morning,  and  night  teams,  only 
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rig.  3.  Relation  of  recorded  sleep  duration  to  the  starting  hour  of  sleep 
(fro*  Foret  s  Lantin33). 


40,  35,  and  ISt,  respectively,  sleep  as  long.  Hatsumoto33  found  that  5  nurses  who  slept 
days  averaged  only  295  ±  51  minutes  compared  to  their  nocturnal  average  of  453  ±  29.  It 
is  generally  agreed  that  the  average  sleep  of  day  sleepers  is  less  than  7  hours.3*'37  In 
a  more  recent  study,  Tepas  and  his  colleagues,  working  with  shift  workers  in  the  Saint 
Louis  area,  have  commented  on  the  objective  and  subjective  signs  of  insufficient  sleep 
in  shift  workers.3*'3*  Both  steady  shift  workers  and  changing-shift  workers  reported 
5.97  and  5.90  hours  of  sleep,  respectively.  The  data  suggest  that  the  relative  sleep 
duration  of  changing-shift  workers  parallels  that  of  steady  shift  workers  on  comparable 
shifts,  but  sleep  problems  and  napping  appear  more  frequently  among  third  and  the 
changing-shift  workers.  The  changing-shift  workers  reported  that  they  had  more  trouble 
falling  asleep,  and  staying  asleep,  than  did  the  steady  shift  workers.  In  their  EEG 
analysis  of  changing-shift  workers,  Tepas  and  his  colleagues  commented  that  their 
findings  were  very  similar  to  that  reported  in  long-term,  partial  sleep-deprivation 
studies.*0'*1  Dr.  Reinberg  will  discuss  further  the  adjustment  to  shift  work  in  his 
lecture. 

Time- rone  crossings.  I  do  not  wish  to  dwell  on  this  area  at  grtic  length  because 
other  lecturers  in  this  series  will  adequately  discuss  the  topic  of  circadian  rhythms. 

It  is,  of  course,  obvious  that  when  one  varies  the  natural  sleep  time,  sleep  and  waking 
are  desynchronized  relative  to  the  other  biological  rhythms.  In  addition  to  the  noise 
and  psychosocial  problems,  the  desynchronization  of  biological  rhythms,  of  course,  plays 
a  major  part  in  the  sleep  disturbances  experienced  by  shift  workers. 

Perhaps  in  no  other  group  is  the  problem  of  displacement  of  sleep  from  its  usual 
time,  compounded  with  the  desynchrony  of  biological  rhythms,  more  apparent  than  that 
seen  in  aircrew  members  who  fly  across  several  time  zones  during  their  routine  flight 
schedules.  After  reviewing  the  work  reported  prior  to  their  1974  AGARDogreph,  Johnson 
and  Haitoh*2  concluded  that  most  aircrew  personnel  flying  worldwide  schedules  suffered 
from  sleep  loss.  Depending  on  the  length  of  the  "tours,"  the  sleep  could  be  reduced  by 
1  to  3.75  hours.  When  EEG  recordings  have  been  made  of  sleep  after  time-zone  changes, 
the  pattern  of  sleep  is  usually  similar  to  that  seen  after  sleep  deprivation.  For 
example,  Evans,  Christie,  Lewis,  Daly,  and  Moore- Robinson,* 3  in  a  study  of  4  healthy 
male  subjects  before  and  after  transatlantic  flights  in  both  directions,  found  that  on 
the  first  night  after  a  London-San  Francisco  flight,  stage  4  sleep  was  enhanced  and  REM 
sleep  was  depressed.  Early  morning  awakening  was  a  feature  of  the  first  5  nights  in  a 
new  time  zone,  particularly  in  the  older  subjects.  Similar  changes  occurred  after  their 
return  flight.  A  similar  elevation  in  SWS  was  found  by  Endo,  Yamamoto,  and  Sasaki** 
when  EEG  changes  in  sleep  were  recorded  after  a  flight  from  Tokyo  to  San  Francisco.  The 
amount  of  SWS  was  significantly  elevated  and  REM  sleep  was  markedly  depressed.  After 
arrival  in  San  Francisco,  it  took  8  days  for  the  sleep  rhythms  to  synchronize  with  Japan 
time  and  about  5  days  for  pulse  rate.  To  control  for  the  effect  of  sleep  loss  per  *«, 
in  their  EEG  findings  Endo  «t  al.  compared  the  sleep  after  southward  and  northward 
flights,  i.«.,  from  Japan  south  to  Australia.  Again,  they  found  marked  enhancement  of 
SWS  on  the  first  night  in  Sydney,  after  the  Tokyo  to  Sydney  flight,  without  time-zone 
changes.  On  the  first  night  after  the  return  flight,  Sydney  to  Tokyo,  there  was 
enhanceswnt  of  SWS  but  no  change  in  REM  sleep. 

There  appears  to  be  little  doubt  that  a  rapid  jet  flight,  which  takes  the  traveler 
across  several  time  zones  in  a  brief  period  of  time,  leads  to  desynchronization  of  not 
only  the  sleep/wake  cycle  but  also  other  biological  rhythms.  The  changes  in  sleep. 
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however,  appear  to  also  be  influenced  by  the  sleep  loss  during  these  flights.  The 
increase  is  SWS  and  the  decrease  in  MEM  sleep  are  a  typical  finding  of  the  first  recovery 
sleep  following  relatively  brief  periods  of  sleep  loss. 

Although  brief,  this  review  indicates  that  both  environmental  factors  and  work/sleep 
schedules,  and  changes  in  these  work/sleep  schedules,  can  lead  to  a  sleep  disturbance. 
This  disturbance  is  usually  reflected  in  reduced  sleep,  either  due  to  fragmentation  of 
the  sleep  period  and  to  brief  periods  or  to  reduced  length  of  single  episodes  of 
uninterrupted  sleep.  Mhile  those  so  deprived  would  feel  that  they  had  a  sleep  problem, 
they  would  not  consider  that  they  had  a  sleep  disorder  that  required  consultation  by  a 
sleep  expert.  Instead  of  complaining  to  the  doctor,  they  would  probably  take  their 
complaints  to  the  company  commander,  union  steward,  or  whatever  appropriate  managerial 
agent  was  available. 

S leep  Disorders 


X  would  no*.'  like  to  turn  to  a  discussion  of  those  who  also  complain  of  inadequate 
sleep,  but  whose  sleep  disturbance  is  not  due  to  environmental  factors  or  work  schedules. 
Those  who  complain  of  insufficient  sleep,  and  especially  the  chronic  complaiiers,  are 
generally  classified  as  insomniacs.  .  »e  sleep  problems  of  insomniacs  are  of  vhree  types. 
The  most  common,  regardless  of  age,  is  the  complaint  of  being  unable  to  fall  asleep. 

With  increasing  age,  there  is  an  increase  in  the  complaint  of  waking  up  and  having  diffi¬ 
culty  in  returning  to  sleep;  £.«.,  a  problem  of  maintaining  sleep.  The  third  problem, 
referred  to  as  early  morning  awakening,  is  waking  up  in  the  morning  before  the  desired 
time  tor  arousal  and  being  unable  to  go  back  to  sleep.  Most  insomniacs  would  fall  into 
the  classification  that  Mauri1  has  labeled  as  secondary  sleep  disorders.  The  sleep 
disorders  are  most  often  secondary  to  psychiatric  problems,  but  may  also  be  secondary  to 
medical  problems,  or  secondary  to  behavioral  problems  or  to  situationcl  problems.  There 
may  be  some  instances  in  which  the  inability  to  sleep  is  the  only  complaint  and  no 
associated  psychological,  physical,  or  situational  factors  are  present,  but  these  cases 
are  infrequent.  Mauri  refers  to  these  patients  as  having  primary  insomnia. 


Most  sleep  researchers  would  agree  that  insomnia,  the  inability  to  fall  asleep  and 
the  problems  of  being  unable  to  maintain  sleep,  could  be  best  viewed  as  similar  to  a 
fever;  i. a. ,  a  symptom  of  some  other  problem.  It  has  been  reported  that  insomnia  was 
the  second  most  common  symptom  of  psychological  distress.  Several  surveys  of  sleeping 
habits  and  incidence  of  sleep  problems  have  been  made,  with  somewhat  varying  results. 

In  a  19S9  to  I960  sample  of  adults  from  3d  to  over  90  years  of  age,  selected  for  low 
mobility  and  excluding  those  who  reported  they  had  "ever  had"  diabetes,  heart  disease, 
strokes,  or  high  blood  pressure.  5.6%  of  the  males  and  13. 6%  of  the  females  reported 
insomnia  either  "fairly  often"  or  "often."*5***  In  a  sample  from  1,000  Los  Angeles 
households,  14.4%  reported  trouble  falling  asleep,  22.8*  reported  waking  up  during  the 
night,  and  13.7%  reported  early  final  awakenings.*7  In  a  survey  of  the  population  in 
Alachua  County,  Florida,  45*  of  the  individuals  reported  trouble  getting  to  sleep  and 
staying  asleep,  31*  "sometimes,"  and  14*  "often."**  In  a  1970  to  1971  national  household 
survey  of  a  population  aged  18  to  74,  11*  of  the  men  and  17*  of  the  women  reported  "a 
lot  of  trouble  getting  to  sleep  and  staying  asleep,”  and  an  additional  19*  reported  "not 
much  trouble."*'  All  of  these  studies  indicated  that  with  increasing  age,  there  were 
increasing  complaints  with  respect  to  sleep  problems,  and,  generally,  the  percent  of 
women  reporting  sleep  difficulties  exceeded  those  of  men. 


The  different  results  highlight  the  measurement  problem  inherent  in  tne  use  of  sub¬ 
jective  responses  with  respect  to  sleep  quality.  Webb,  Bonnet,  and  Blume50  illustrated 
the  methodological  measurement  problems  in  a  class  demonstration.  In  a  class  on  "Sleep 
and  Dreams,"  12  students  were  first  asked,  "Was  last  night's  sleep  good  or  bad?"  After 
this  answer,  they  were  asked,  "Was  last  night's  sleep  good  or  bad  or  both  good  and  bad?" 
They  were  next  asked,  "Was  last  night's  sleep  good,  bad,  both  good  and  bad  or  neither 
good  nor  bad?"  Finally,  they  were  allowed  to  answer,  "Was  last  night's  sleep  good,  bad, 
both  good  and  bad,  neither  good  nor  bad,  or  X  don't  know."  When  the  choice  was  good  or 
bad,  67%  of  the  students  said  their  sleep  was  good;  33*  said  it  was  bad.  As  the  number 
of  alternatives  increased,  the  percent  describing  their  sleep  as  good  and  bad  decreased; 
for  example,  when  given  three  choices  (£.«.,  either  good,  bad,  or  both),  42*  said  their 
sleep  was  good,  13*  said  it  was  bad,  and  45*  said  it  was  both.  When  given  five  choices, 
30*  said  their  r, leap  was  good,  9*  said  it  was  bad,  both  good  and  bad  was  29%,  neither 
good  nor  bad  10%,  and  21*  oaid  they  didn't  know  how  to  evaluate  the  quality  of  their 
sleep. 


We  asked  a  sample  of  1,043  young  adult  sailors  to  rate  their  sleep  as  "very  good," 
"good,"  "average,"  "poor,"  or  "very  poor.”  Eleven  percent  rated  their  sleep  as  "poor," 
1*  rated  their  sleep  as  "very  poor,"  and  25*  said  their  sleep  was  "very  good."  In  a 
college  sample  of  303,  5*  said  their  sleep  was  "poor,"  0.8*  "very  poor,"  and  40*  said 
•very  good." 

From  all  of  the  surveys  that  have  been  made  relative  to  sleep  quality,  it  is  proba¬ 
bly  safe  to  assume  that  one-third  of  the  population  report  having  had  sleep  problems  at 
one  time  or  another,  but,  when  given  a  number  of  alternatives  and  specifically  asked  to 
evaluate  their  sleep  in  terma  of  "bad"  or  "poor,”  5  to  15*  would  classify  themselves  as 
poor  sleepers. 

In  addition  to  the  measurement  problem  with  respect  to  estimating  the  subjective 
quality  of  sleep,  there  is  often  a  great  discrepancy  between  the  subjective  reports  of 
total  sleep  time  and  sleep  latency  when  compared  to  the  sleep  obtained  in  the  sleep 


laboratory.  Poor  sleepers  generally  overestimate  the  length  of  time  it  takes  them  to  go 
to  sleep  and  underestimate  the  total  sleep  time.  In  a  study  of  drug- free  subjects  with 
coaplaints  of  chronic  insomnia,  Carskadon,  Dement,  Hitler,  Guilleminault,  Zarcone,  and 
Spiegel51  clearly  demonstrated  the  discrepancies  between  reported,  estimated,  and 
laboratory-recorded  3leep  latency  and  sleep  length.  Figure  4  is  a  comparison  of  average 
sleep  latencies  reported  in  prerecording  interviews,  estimated  after  sleeping  in  the 
laboratory,  and  actually  recorded  in  the  laboratory,  in  a  group  of  subjects  complaining 
of  insomnia.  It  is  clear  that  the  reported  and  estimated  sleep  latencies  are  different 
from  those  actually  recorded.  The  usual  sleep  latency  criterion  for  insomniacs  is  30 
minutes,  but  approximately  80%  of  these  insomniacs  have  sleep  latencies  of  less  than  30 
minutes.  The  average  recorded  latency  was  28.2  minutes  and  the  average  estimated 
latency  was  61.7  minutes.  Dement  and  his  group  use  stage  1  for  indication  of  sleep 
onset,  while  in  our  labor itory  we  use  the  appearance  of  the  first  spindle  or  K-complex 
of  stage  2  as  sleep  onset.  Regardless  of  the  criteria  used  for  sleep  onset,  similar 
results  are  obtained. 

In  our  sample  of  12  subjects  who  described  themselves  as  "very  poor*  sleepers,  their 
estimated  sleep  latency  was  91  ±  35  minutes.52  The  actual  sleep  latency  in  the  laboratory 
averaged  36 ±  18  minutes.  In  contrast,  12  good  sleepers  estimated  their  sleep  latency  wa3 
8*4  minutes,  and  their  actual  sleep  latency  was  10  ±  4  minutes.  To  obtain  12  sleepers 
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Comparison  of  average  sleep  latencies  of  subjects  with  insomnia 
complaints  reported  in  prerecording  interview  (N*39),  estimated 
after  sleeping  in  laboratory  (N»il9),  and  recorded  in  laboratory 
(N*122)  (from  Carskadon  et  aZ.sl). 


who  would  »Ht  th«  30-minute  sleep  latency  requirement  on  each  of  2  consecutive  nights, 
had  to  • croon  in  tho  laboratory  31  subjects  who  reported  sleep  latencies  of  over  an 
hour. 

Carskadon  at  aZ.51  also  coapared  the  reported,  estimated,  and  recorded  average  sleep 
times  of  subjects  with  insoamia  complaints.  Their  findings  are  reported  in  Figure  5. 

The  reported  and  estimated  sleep  lengths  tend  to  be  skewed  toward  shorter  sleep  times, 
where  the  actually  recorded  sleep  length  forms  a  more  symmetrical  distribution.  Carska¬ 
don  •t  at.  concluded  that  approximately  half  of  the  subjects  with  complaints  of  insomnia 
could  not  be  distinguished  from  normal  subjects  by  total  sleep  time  or  sleep  latency. 

■ot  only  are  these  findings  of  interest  in  tens  of  how  does  one  classify  an  insomniac 
versus  the  non-insomniac,  but  they  also  have  relevance  for  the  treatment  of  patients  com- 
pUining  of  long  sleep  latencies  or  inadequate  total  sleep.  It  would  seem  inappropriate 
to  give  a  sleeping  pill  to  a  patient  who  consistently  shows  sleep  latencies  of  less  than 
30  minutes  and  total  sleep  times  of  over  7  hours  in  the  sleep  laboratory. 

Several  studies  have  pointed  out  that  sleep  complaints  are  associated  with  psycho¬ 
logical  problems.53*5*  Insomniacs  seen  at  sleep  disorder  clinics  generally  show  elevated 
scores  indicative  of  neurotic  difficulties  on  the  Minnesota  Multiphasic  Personality 
Inventory  (MMPI) .  The  scales  with  the  highest  scores  were  hysteria  (Hy) ,  depression  (D) , 
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Fig.  5.  Comparison  of  average  sleep  tines  of  subjects  with  insomnia  complaints 
reported  in  prerecording  interview  (Ji=101),  estimated  after  sleeping 
in  laboratory  (N=ll$),  and  recorded  in  laboratory  (S=122)  (from 
Carskadon  a  si. il ). 
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and  hypochondria*!*  (Ha) .  Thaaa  thraa  acalaa  ara  aomatlmoa  rafarrad  to  aa  tha  neurotic 
triad.  Tha  inaonniao  patlanta  alao  reported  a  higher  number  of  medical  complaint*  on 
the  Cornell  Medical  Index  than  thoae  reported  by  normal  subject*  or  neurotic  outpatients. 

While  it  was  not  too  surprising  that  insomniacs  should  have  psychological  problems , 
the  finding  that*  with  few  exceptions*  all  sloeping  pills  cause  insomnia  or  make  it 
worse  was  not  anticipated"  in  a  study  of  chronic  hypnotic  drug  uso,  Kales,  Bixler*  Tan, 
Soharf,  and  Kales*1  reported  that  patients  who  were  receiving  sleep  medication  had  as 
great  or  greater  difficulty  in  failing  asleop  or  staying  asleep,  or  both,  than  insomniac 
controls  who  were  not  using  medication.  Dement  and  his  group  have  estimated  that  a 
third  of  all  the  insomniac  patients  seen  in  the  Stanford  Clinic  are  drug-dependent  due 
to  overuse  of  hypnotic  drugs,  particularly  the  barbiturates;  other  compounds  that  pro¬ 
duce  drug-dependent  insomnias  when  taken  chronically  include  glutethlmide,  methyprylon, 
and  ethchlorvynol. 

In  addition  to  psychological/psychiatric  or  other  medical  conditions  and  to  overuse 
of  sleeping  medications,  insomnia  can  also  be  related  to  acute  situational  life  stresses. 
Examples  of  kinds  of  acute  situational  stresses  will  immediately  come  to  your  mind  (job 
related,  marriage,  etc.),  and,  once  the  life  stress  is  resolved,  the  insomnia  usually 
disappears.  Occasionally,  a  person  has  a  sleeping  problem  not  because  of  psychological 
or  medical  problems  or  a  situational  life  stress,  but  because  of  an  unusual  circadian 
rhythm  problem.  In  these  patients,  the  biological  rhythms,  particularly  sleep/wake 
rhythm  cycles,  are  not  well  entrained  with  the  environmental  time  givers,  or  zeitgebers. 
These  subjects  are  often  attempting  to  go  to  sleep  when  their  biological  clocks  vindicate 
they  should  be  awake  and  active.  For  these  free-running  persons,  an  ad-lib  sleep 
schedule  usually  solves  their  sleep  problem. 

Sleep  Disorders  and  Disorders  that  Occur  during  Sleep 

While  insomnia  is  the  most  frequent  sleep  disorder  seen,  there  are  other  conditions 
that  are  also  called  sleep  disorders.  In  Table  1  are  listed  some  of  the  sleep  disorders. 
While  these  conditions  are  generally  called  sleep  disorders,  it  seems  more  appropriate 
to  refer  to  some  of  them  as  "disorders  of  sloop"  or  "disorders  during  sleep." 

Somnambulism,  enuresis,  -light  terrors.  The  first  three  sleep  disorders  in  Table  1 
are  more  common  in  children  than  in  adults,  and  occur  out  of  stage  4  sleep.  Kale*  and 
Kales  have  found  that  when  these  three  continue  into  adulthood,  they  are  usually 
associated  with  severe  psychological  probloms.'7  The  impression  is  that  the  sleepwalking 
and  night  terrors  are  rare  in  adults.  While  I  have  no  exact  data  as  to  the  incidence  of 
sleepwalking  end  night  terrors  in  our  Navy  population,  I  have  been  impressed  with  the 
number  of  cases,  particularly  sleepwalking,  which  have  been  referred  to  me.  The  history 
of  these  sleepwalkers  usually  does  not  Include  childhood  sleepwalking,  and  psychiatric 
evaluation  and  psychological  studies  have  shown  there  are  no  severe  psychological  diffi¬ 
culties.  Many  of  these  sleepwalkers  have  been  reported  to  carry  out  rather  complex 
activities  while  "asleep."  One  sailor  was  referred  after  having  set  the  lifeboats 
adrift  and  oponing  a  valve  that  flooded  the  captain’s  cabin,  all  while  asleep.  One  of 
the  problams  we  have  in  a  naval  setting  is  to  determine  the  motivation  behind  such  acts. 
If  this  sailor  had  not  flooded  the  captain's  cabin,  there  probably  would  have  been  loss 
concern  over  whether  he  was  a  “true  somnambulist."  Dr.  Karac;~.,;  Baylor  University, 
has  also  studied  casos  of  adult  somnambulists  without  psychiatric  complaints  and  with  a 
negative  childhood  history.  He  has  found  that  some  of  these  patients  have  frontal  and 
temporal  lobe  spiking  in  their  EEGs.  Ho  raises  the  question  of  whether  some  of  these 
patients  might  havo  psychomoi or-type  seizures. 

Excessive  daytime  sleepiness.  The  complaint  that  we  give  most  attention  to  in  our 
laboratory  is  that  of  excessive  daytime  sleepiness.  In  the  military  setting,  we  find 
that  the  patient  is  often  reforred  because  he  has  been  reported  for  sleeping  on  duty  or 
has  been  described  as  unmotivated  or  as  lazy.  The  fact  that  these  patients  are  referred 
for  evaluation  in  our  sleep  laboratory,  howevor,  reflects  the  increasing  sensitivity  to 
sloop  disturbances  by  military  commanders  and,  in  particular,  by  medical  officers. 
Previously,  those  mon  would  have  been  given  some  disciplinary  action  and,  if  the  problem 
persisted,  they  would  probably  have  been  given  a  discharge  from  the  service.  Patients 
complaining  of  chronic  excessive  daytime  sleepiness  not  associated  with  primary  or 
secondary  insomnia  should  be  evaluated  for  narcolepsy,  sleep  apnea,  as  well  as  hyper¬ 
somnia.  While  narcoleptics  and  sleep  apncics  usually  complain  of  excessive  daytime 
sleepiness,  one  should  not  overlook  the  fact  that  these  patients  arc  often  poor  sleepers 
and,  in  about  10  to  15*.  of  tho  cases,  they  may  also  complain  of  insomnia  as  well  as  the 
complaint  of  excessive  daytime  sleepiness. 

Narcolepsy.  Narcolepsy  is  a  highly  specific  sleep  disorder.  Usually,  the  patient 
auf fer'sf rom  two  or  more  of  the  four  symptoms  referred  to  as  the  narcoleptic  tetrad: 

(1)  Short  but  almost  irrcststablc  daytime  sleep  attacks.  This  is  the  primary  and 
most  disabling  symptom  of  classical  narcolepsy.  Sleep  attacks  can  occur  at  the  most 
inappropriate  times,  and  they  usually  last  10  to  15  minutes,  but  they  have  been  reported 
to  last  2  to  !  hours. 

(2)  Uataploxy .  This  symptom  can  range  from  a  very  transient  weakness  in  the  knees 
.  ,j  total  paralysis  of  all  voluntary  muscles  while  the  patient  ts  fully  conscious. 

Attacks  of  cataplexy  are  often  triggered  by  emotions,  Igughtng.  tying,  excitement. 

Usual lv  ‘he  attacks  last  only  seconds. 
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Psychologic  Evaluation 


Nanagenent  I  Treatment 


Somnambu¬ 

lism 

Incidents  occur  out  of  stage 

4  sleep;  critical  skills  ( 
reactivity  are  impaired  dur¬ 
ing  the  incident. 

Psychiatric  disturbances 
infrequent  in  children  4 
frequent  in  adults 

Prophylactic  measures;  children 
frequently  outgrow  disorders, 
so  parents  should  be  reassured; 
psychiatric  evaluation  for 
adults. 

Enuresis 

Occurs  out  of  all  sleep 
stages;  misconception  of 
dreaming  as  a  frequent 
causal  factor  is  explained. 

Psychiatric  disturbances 
infrequent  with  primary 
enuresis;  psychologic  eval¬ 
uation  often  indicated  for 
secondary  enuresis. 

Parental  cotmseling  4  reassur¬ 
ance  critical  so  that  parental 
mishandling  does  not  create 
psychiatric  problems;  pharmaco¬ 
logic  treatment  (imipramine)  may 
be  indicated  in  older  children. 

Night 

terrors 

Occur  out  of  sta.;e  4  sleep; 
characterized  by  extreme 
vocalizations,  motility  4 
autonomic  response;  recall 
minimal  or  absent. 

Psychiatric  disturbances 
infrequent  in  children  4 
frequent  in  adults 

Parents  reassured  that  children 
frequently  outgrow  the  disorder; 
for  adults,  psychologic  evalua¬ 
tion  often  indicated;  use  of 
stage  4  suppressants  under 
investigation. 

Night¬ 

mares 

Occur  out  of  REM  sleep; 
characterized  by  less 
motility  l  autonomic 
response;  recall  frequent 

4  elaborate. 

Frequent  nightmares  in 
children  or  adults  nay 
indicate  psychopathology; 
rule  out  drug  withdrawal 
as  a  possible  cause  of 
nightmares 

Parents  reassured  that  night¬ 
mares  in  children  are  often 
transient;  if  episodes  are 
frequent  in  children  or  adults, 
psychologic  evaluation  is  indi¬ 
cated. 

Narco¬ 

lepsy 

Sleep  attacks  of  narcolepsy 
nay  be  accompanied  by  3 
auxiliary  symptoms:  cata¬ 
plexy.  sleep  paralysis  4 
hypnogogic  hallucinations 
(cataplexy  is  accompanied 
by  sleep-onset  REM  periods). 

Sleep  attacks  may  be  mis¬ 
interpreted  for  laziness, 
irresponsibility  or 
emotional  instability 

Establishing  diagnosis  critical; 
stimulants  effective  for  sleep 
attacks;  imipramine  effective 
for  auxiliary  symptoms;  danger 
in  using  imipramine  4  ampheta¬ 
mines  simultaneously. 

Hypersom¬ 

nia 

Sleep-stage  patterns  normal, 
but  sleep  is  extended;  asso¬ 
ciated  with  post  dormital 
confusion  4  difficulty  in 
awakening;  autonomic  varia¬ 
bles  are  increased. 

Often  a  symptom  of  psycho¬ 
logic  disorder  (e.g., 
depression) . 

Stimulant  drugs  effective; 
neurologic  4  psychologic  evalu¬ 
ation  i^wrtant  in  establishing 
diagnosis. 

Insomnia 

Complaints  of  patients  have 
been  verified  in  the  sleep 
laboratory;  sleep  is  more 
aroused  (i.e.,  heart  rate  4 
respiration  are  increased); 
most  hypnotic  drugs  lose 
their  effectiveness  within 

2  wk. 

Insomnia  most  often  symptom 
of  psychologic  disturbance, 

4  not  a  primary  disorder; 
expression  a  common  feature. 

•then  insoania  is  secondary  to 
medical  conditions,  pharmaco¬ 
logic  treatment  may  be  useful; 
if  psychologic  factors  are 
primary,  pharmacologic  therapy 
should  be  combined  with  psycho¬ 
therary. 

(3)  Sleep  paralysis.  This  symptom  occurs  when  falling  asleep  or  upon  awaking.  The 
patient  feels  he  cannot  taove  any  muscle  except  those  controlling  his  eyes.  Sleep  paral¬ 
ysis  usually  lasts  from  a  few  seconds  to  several  minutes  and  the  patient  can  sometiaes 
break  the  paralysis  by  vigorously  moving  his  eyes,  and  then  tb~  lyelids,  then  the  facial 
muscles,  gradually  restoring  movement  throughout  the  body.  The  paralysis  is  broken 
immediately  if  somebody  touches  the  patient. 

(4)  Hypnogogic  hallucinations.  When  falling  asleep,  narcoleptic  patients 
occasionally  experience  vivid  dreaas  while  still  fully  conscious.  Both  sleep  paralysis 
and  hypnogogic  hallucinations  are  less  frequent  than  sleep  attacks  and  cataplexy.1 

As  Hauri*  notes,  there  is  a  fair  amount  cf  confusion  in  the  current  literature 
concerning  the  term  "narcolepsy."  Following  the  discovery  of  Rechtschaf fen,  Wolpert, 
Dement,  Mitchell,  and  Fisher'9  that  many  narcoleptic  subjects  had  sleep-onset  REM 
periods,  some  authors  tried  to  distinguish  "classical"  narcolepsy  involving  REM  sleep 
from  idiopathic  narcolepsy  involving  NREM  mechanisms  (see  Figure  6} .  Caution  should  b» 
exercised,  however,  in  diagnosing  narcolepsy  from  the  presence  of  sleep-onset  REMs  in 
the  absence  of  other  narcoleptic  symptoms.  It  is  well  known  that  sleep-onset  REM  can 
occur  during  naps  in  subjects  with  no  history  of  narcoleptic  symptoms.  When  the  sleep 
is  fragmented,  such  as  in  those  studies  reported  by  C-irrkadon  and  Dement,*9  Moses,  Hord, 
Lob in,  Johnson,  and  Naitoh/1  and  Wcitzman,  Xogiere,  Ferlow,  Fukushima,  Sassin,  McGregor, 
Gallagher,  and  Heilman,"*  it  is  not  unusual  to  get  several  episodes  of  sleep-onset  REM 
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Fig.  6.  In  normal  sleep,  the  transition  is  from  awake  to  drowsiness,  stage  1. 

and  then  to  spindle  sleep,  stage  2.  In  the  narcoleptic,  the  transi¬ 
tion  may  be  from  awake  to  stage  REM  sleep  (from  Kauri1). 


during  episodes  of  repeated  napping.  Hauri1  believes  that  it  is  conceptually  much 
clearer  to  limit  the  term  "narcolepsy"  to  the  sleep  disorder  with  the  primary  complaint 
of  sleep  attacks  and  which  may  involve  sleep-onset  REM,  and  at  least  one  auxiliary 
symptom  such  as  cataplexy.  He  would  reserve  the  term  "hypersomnia"  for  disorders  involv¬ 
ing  excessive  sleep  attacks  without  at  least  one  of  the  other  aspects  of  narcolepsy. 

§l.eeP  apneas .  As  previously  mentioned,  patients  with  sleep  apnea  literally  s"-op 
breathing  whenever  they  fall  asleep.  Sleep  then  lightens  to  the  point  where  breathing 
resumes  after  10  to  180  seconds,  or  the  patient  may  wake  up.  Patients  are  seldom  aware 
•  ^6ir  apne”'  even  wh*n  they  are  awakened  literally  hundreds  of  times  each 

night.  The  15-  to  45-second  episodes  of  sleep  apnea  may  last  a  few  minutes  to  a  few 
ours,  or  they  may  occur  throughout  the  entire  night  with  over  a  hundred  awakenings.  In 
a  milder  form,  sleep  apnea,  hypopnea,  and  oxygen  desaturation  have  been  observed  in 
normal  subjects,  especially  in  males.63  There  are  also  more  male  than  female  patients 
with  sleep  apnea  associated  with  hypersomnolence. 6I* 

Relative  to  narcolepsy,  sleep  apnea  has  been  described  only  recently.65'66  Sleep 
apneas  have  been  reported  in  the  cardiopulmonary  syndrome  of  obesity  (Pickwickian)  and 
in  other  syndromes  involving  hypersomnia  such  as  narcolepsy.  They  are  most  often  asso- 

t  coraPla}nt  hypersomnia,  but,  as  noted  earlier,  complaints  of  insomnia 
are  present  in  roughly  10%  of  the  population. 

Three  distinct  types  of  sleep  apnea  have  been  defined.  They  include  a  "central" 

frSJ  hl  cessa!:ion  of  breathing  and  then,  after  the  apnea,  by  simul¬ 
taneous  resumption  of  diaphragmatic  movements  and  oral  air  flow;  an  obstructive 

fcyPe  bh*racterired  by  the  interruption  of  air  flow  secondary  to  upper  airway 
struction,  but  with  continuance  of  diaphragmatic  and  thoraxic  muscle  contraction;  and 
a  nuxed  type  characterized  by  initial  central  apnea  followed  by  temporary  upper  airway 
obstruction  at  the  subsequent  resumption  of  diaphragmatic  movements.  Illustrations  of 
and  obstfuctiye  apneas  are  presented  in  Figures  7  and  8.  Guilleminault  and 
Dement  list  several  medical  complications  that  are  usually  associated  with  severe 
•sleep  apnea.  Some  complications  appear  to  be  secondary  to  the  extreme  respiratory 

°  trying  to  breathe  against  the  upper  airway  obstruction;  others  seem  to  be  the 

CNrdv^n^f«n1^^P°X®!'-a,fSSOClat!d  i!ith  apnea'  or  they  may  be  related  to  the  same 
C  S  dysfunction  that  initially  caused  the  apneas.  Hemodynamic  complications  are  also 

Prralent*  sleep,  most  apneic  patients  show  marked  elevations  of  blood  pressure 

and  they  gradually  may  develop  essential  hypertension  during  wakefulness.  Other  compil¬ 
ations  involve  the  heart.  Tilkian,  Guilleminault,  Schroeder,  Lehrman,  Simmons,  and 
Dement  report  that  severe  arrhythmias  are  commonly  observed  in  association  with  sleep 
apnea,  such  as  sinus  arrhythmias,  second-degree  heart  block,  ventricular  tachycardia, 
and  sudden  systolies  lasting  up  to  6  seconds.  Dement  and  Guilleminault  describe  sleep 
apnea  as  a  serious  and  sometimes  life-threatening  disorder.55 

At  present,  there  are  no  medications  that  can  be  used  to  effectively  treat  sleep 
apnea.  In  patients  suffering  from  obstructive  sleep  apnea,  where  the  problem  is  so 
severe  that  awake  behavior  is  severely  impaired,  tracheostomy  is  usually  recommended. 

If  the  patient  is  overweight,  a  diet-reduction  program  is  first  tried  as  loss  of  weiqht 
is  often  helpful  to  the  apneic  patient.  Although  obesity  is  often  a  problem  with 
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Fig.  7.  Note  there  is  a  cessation  of  respiratory  activity  during  the  apneic 
episodes . 
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Fig.  8.  In  obstructive  apnea,  respiratory  movements  are  seen  in  the  abdomen 

and  thoracic  leads,  but  no  passage  of  air  is  recorded  from  the  buccal 
therma  couple. 


patients  with  obstructive  sleep  apnea,  there  are  also  many  apneic  patients  whose  obesity 
is  not  a  problem. 

Hypersomnia.  Patients  without  symptoms  of  narcolepsy  or  sleep  apnea,  with 
complaints  of  excessive  daytime  sleep,  are  generally  referred  to  as  having  idiopathic 
hypersomnia,  essential  hypersomnia,  or  just  hypersomnia.  To  clearly  document  the  hyper¬ 
somnia,  24-hour  recordings  are  recommended. 

Recently,  Richardson,  Carskadon,  Flagg,  Van  den  Hoed,  Dement,  and  Mitler69  have 
reported  that  in  classical  narcoleptics,  those  with  sleep  attacks  and  REM-onset  sleep 
when  given  frequent  opportunities  to  nap,  sleep  latency  data  differentiated  narcoleptic 
subjects  from  control  subjects  with  enough  clarity  to  be  useful  diagnostically.  As  a 
preliminary  guideline,  Richardson  ct  al.  are  using  a  mean  sleep  latency  of  less  than  5 
minutes  as  a  minimum  cutoff  for  documentation  of  the  complaint  of  pathological  sleep. 

Restless  legs  syndrome  and  nocturnal  myoclonus.  These  complaints  are  less  frequent 
causes  of  sleep  disturbances  but  have  been  reported  by  Dement  and  Guilleminault.55 
Patients  with  restless  legs  usually  say  they  feel  as  if  there  is  something  crawling 
inside  their  legs.  These  sensations  occur  during  the  day  as  well  as  during  the  night. 
Walking  eliminates  these  tingling  sensations,  so,  at  night,  patients  must  get  out  of  bed 
to  walk  around. 
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Fig.  9.  Two  episodes  of  sleep  apnea  (type  unknown)  and  an  illustration  of  leg 
movements  in  a  patient  with  nocturnal  myoclonus  (from  Kauri1). 

Nocturnal  myoclonus  may  occur  alone  or  in  association  with  the  restless  legs 
syndrome.  Nocturnal  myoclonus  is  exhibited  by  pronounced  jerks  simultaneously  in  both 
legs,  with  a  tendency  for  flexion  to  occur  at  the  ankle,  knee,  and  hip.  The  jerks  may 
be  pronounced  enough  to  awaken  the  sleeper.  In  Figure  9  is  an  illustration  from  Hauri's 
Sleep  Disorders  booklet1  illustrating  two  sleep  apneic  episodes  on  the  top  of  the  figure 
and  myoclonic  jerks  in  the  lower  half. 

Although  the  discussion  of  each  was  brief,  I  have  attempted  to  list  some  of  the 
causes  or  disturbed  sleep,  including  the  external  environmental  factors  as  well  as  those 
classified  as  sleep  disorders.  Time  does  not  allow  for  a  discussion  of  treatment.  I 
will  briefly  mention  the  effects  of  benzodiazepine  hypnotics  tomorrow,  but  Wing  Commander 
Nicholson  will  give  a  more  extensive  presentation  of  the  efficacy  and  performance  seque¬ 
lae  of  hypnotics.  The  reader  is  referred  to  "Sleep  Apnea  Syndromes,"7®  "Narcolepsy,"71 
and  "Sleep  Disorders:  Diagnosis  and  Treatment."77 
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Lcs  rapports  entre  la  vigilance  et  1 ‘attention  sont  envisages  A  partir  d'approches  informatiques, 
psychologiques  et  physlologiques.  AprAs  avoir  envisage  les  differents  types  de  mesures  disponiblea,  les 
facteurs  influant  sur  1 'attention  des  sujets  sont  passes  cn  revue.  On  envisage  successivemont  les  carac- 
tAristiques  des  signaux,  les  conditions  d'aabiance,  les  caracteristiques  individuelles  et  les  interac¬ 
tions  possibles  entre  ces  facteurs. 

Les  diffdrentes  thee.  a  sont  passAes  en  revue  et  suivies  de  la  proposition  d'un  noddle  aathdmati- 
que  integrant  1 ' activation ,  ,a  capacity  de  traiteaent  et  celle  de  filtrage,  en  tenant  cotapte  des  donndes 
relatives  A  l'environneoont  et  A  la  motivation. 

En  conclusion,  diffArentes  voies  d 'action  sont  envisagdes  dans  les  directions  ergonoaiques ,  psycho¬ 
techniques,  psychologiques  et  pharnacologiques. 


1  -  INTRODUCTION 

La  plupart  des  Atudes  sur  la  vigilance  portent  sur  I'alternance  veille-sosmeil,  ainsi  que  1'attestent 
plusieurs  exposes  qui  ont  Ate  ou  seront  prdscntds  au  cours  de  ces  joumdes.  Or,  l'homme  rApartit  apprexi- 
aativenent  son  tenps  entre  le  sommeil,  le  repos  ct  lc  travail.  C'est  ce  troisieoe  point  qui  nous  retien- 
dra  ici.  En  effet,  il  ne  suffit  pas  de  ne  pas  donsir  pour  Atre  efficace,  l'attention  requise  pour  1 'exe¬ 
cution  des  tSches  requiert  plus  qu'un  simple  6 veil.  En  effet,  lc  progrAs  technologique  a  apdifiA  les 
rapports  qu-.  l'homme  er.tretient  avec  lcs  outils  qu'il  utilise  -  rappclons  les  nrincipales  Atapes  histori- 
ques  qui  nous  aiderons  A  nieux  fixer  le  rdle  croissant  que  ]oue  1'cxercice  des  fonctions  mentales  les 
plus  AlevAes,  au  detriment  des  aspects  AnergAtiques  purs.  Le  fait  lc  plus  Evident  est  que  l'accroissement 
du  rendement  tant  sur  le  plan  qualitatif  que  quantitatif  s'accompagne  d'unc  distance  plus  grande  entre 
la  tSche  et  l'homme  qui  1 'execute  : 

-  La  manipulation  dlrecte  de  l'outll  est  une  prolongation  de  1 'action  elle  aerae,  elle  lui  est  isomorphe 
et  les  consequences  de  l'acte  sont  immediatemcnt  perceptibles  :  en  terme  cybcrnAtique,  la  boucle  de 
retroaction  milieu  — >  tJche  — *  modification  du  milieu  est  Avidonte. 

-  L'apport  dc  l'Anerqle  artificielle  r.'a  pas  modifiA  fondanentalement  cc  rapport,  il  s'agit  en  effet 
essentiellement  d'une  amplification  des  forces  appliquAes  A  une  commande  dont  la  manipulation  est  direc- 
teoent  comprehensible,  et  du  mSne  ordre  de  complexite  que  le  system©  moteur  de  l'hcmme.  L'utllisation 
d'un  tour  entralnA  par  ur.  moteur  n'est  pas  fondanentalement  different  du  tour  de  poticr  :  il  en  est  de 
mAme  pour  la  visAe  A  l'aide  d'une  arne  A  feu  et  coll-,  -ffcctuAe  avec  une  arbalete. 

-  La  premiere  rupture  £  lieu  avec  1 'apparition  de  la  notion  d'lctior.neur  s  il  s’agit  de  dispositifs  qui 
permettent  la  commande  indirecte  de  la  mise  cn  oeuvre  ct  de  1 'utilisation  de  1 'Anergic.  Ainsi,  une 
vanne  est  una  cocmande  directe  :  le  volant  est  si tue  sur  le  point  d'appl ication,  une  Alectrovanne  peut 
Atrs  conmandAe  A  distance  avec  un  dispositif  quelconque,  interrupteur,  poussoir  ou  potentiomAtre.  La 
iogique  de  la  cocmande  cesse  d'etre  lanAd i atement  perceptible. 

ParaliAlement  A  ces  actionr.eurs ,  on  voit  apparaltre  des  -ovens  lndirects  J' information  permettant 
A  l'hocme  de  connaltre  l ' 6 tat  de  sa  machine.  La  vision  directe  du  processus  est  remplacce  par  une  in¬ 
formation  issue  d'une  autre  machine,  une  vitosse  par  ui.e  deviation  angjlairo  d'une  aiguille,  une  pres- 
sion  par  une  longueur,  ia  presence  d'un  avion  par  un  spot  lummoux,  etc...  Le  rdle  de  l'homme  est 
alors  de  prAlever  ces  signaux  et  de  repondre  par  des  actes,  lcs  uns  et  les  autres  Atant  arbitraircs. 

-  Le  stade  suivant  est  cclui  de  1 'asseryissemcnt  qui  a  consiste  A  court-circuitcr  l'hocme  en  reinjec- 
tant  directement  dans  les  actionneurs  1' information  provenant  de  la  machine,  c'est  la  classique  boucle 
de  retroaction  negative  qui  decharge  l'homme  des  tAchos  simples  de  surveillance  :  la  vitesse  de  rotation 
d'un  moteur  est  mamtenuo  constante  malgre  ia  quantite  io  travail  fournie,  le  canon  se  dirigo  autonatique- 
ment  vers  la  cible  ...  L'hocme  qui  etait  ddjA  ddcharge  de  1 'effort  physique  l'est  malnter.ar.t  th£orique- 
nent  de  la  surveillance  de  routine.  Il  lui  restc  A  veillor  au  bon  fonctionnemont  des  systAraes  de  regula¬ 
tion  eux-meracs  et  A  prendre  des  decisions  de  suppl6ar.ee ,  ou  de  modifications  6vcntuel les  de  strategic  de 
fonctionnement. 

-  Le  dernier  stade  est  cclui  de  1*  informatlque  oA  des  dispositifs  sont  capablcs  de  prendre  or.  charge  des 
activitds  j usque  IA  rAsorvees  aux  fonctions  les  plus  intellectualisees,  tels  que  calculs  complexes,  reso¬ 
lution  de  problAracs,  etc... 

Il  semblerait  qu'A  ce  niveau  1 ' intervention  humaine  soit  superflue  et  que  la  machine  se  suffise  A 
clle-raAmo  pour  assurer  A  la  fois  son  fonctionnement  et  sa  regulation.  Elle  est,  on  effet,  plus  fiable, 
mfatigable,  plus  precise,  plus  rapide  dans  ses  reponses  et  est  capable  de  traitor  dc  nombreuses  donnees 
quasi  simultaneaeat. 

Toutefols,  pour  cortaines  questions,  l'efficacite  de  l'hocme  restc  superioure  A  cello  de  la  machine, 
tout  au  moms  dans  l'etat  actuel  dc  la  technique  :  c'est  ’e  cas  de  l'aptitudo  A  reconnaltre  une  forme 
au  milieu  d' informations  non  pertmontes  et  de  la  capaclte  de  decider  en  1 'absence  de  la  lotallte  der. 
informations.  Dans  les  deux  cas,  la  fiabilite  n'est  pas  totale,  mais  mieux  vaut  une  l'Apcnse  probable- 
ment  vraie  plutfit  que  pas  de  rAponss  du  tout. 
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II  exist*  done  un*  sort*  d*  paradox*,  il  s*mbleralt  4  preaidr*  vu*  qua  1*  rSi*  d*  l'hon  s' 3MmU.se 
«t  c*p*ndant,  plus  la  machine  s*  substitu*  4  lui,  plus  les  consequences  d'un  dysfonctionneacnt  sont  gra¬ 
ves  *n  raison  d*  la  co^lexitd  croissant*  des  systtees  *t  d*s  dnergiet  sdses  en  jeu.  L'homae  se  trouve 
done  n'avoir  k  *x*rc*r  qu*  rareaent  d*s  capacltd*  qui  iapliquent  l*s  processus  les  plus  dlabords  de  son 
psychiSM,  at  ceci  avec  des  consequences  qui  peuvent  dtre  catastrophiques.  II  faut  done  cu'4  tout  instant 
il  soit  capable  d'un  haut  niveau  de  performance,  qu'il  risque  de  ne  jamais  avoir  k  aettre  en  oeuvre. 

Ajoutons  que  ces  activitds  peuvent  se  ddrouler  dans  des  conditions  trds  dlolgnde*  des  conditions 
normales.  Les  dispositifs  technologiques  ddchargent  l'homme  de  ses  activity s  mais  erdent  ou  peraettent 
des  nuisances  t  bruits,  aabiances  theraiques,  vibrations,  pollutions  chiaiques,  rythaes  de  travail. 

2  -  MOTIONS  THtaaiOUES 

Le  problem*  de  1 'attention  peut  dtr*  abordd  selon  trois  optiques  coapldaentaires. 

La  premidre  l'dtudie  en  tant  que  condition  du  traitement  de  1* information,  la  seoonde  utilise  les 
concepts  des  poychologues  pour  1 'analyser  sur  le  plan  du  coeporteaent,  la  demidre  enfin  est  d’inspira- 
tion  physiologiqu*. 

2.1  -  Approche  informat lerue. 

On  a  vu  depuis  plusieurs  anndes  naltre  plusieurs  noddles  qui  rendent  coopte  des  processus  de  traite- 
aent  de  1 ' information  par  1'hOM*.  On  peut  les  classer  en  deux  categories  :  l'une  structural*,  inspirde 
du  aoddle  inforaatique,  construit  des  organigrammes  de  processus,  1 'autre  fonctionnelle  se  centre  sur 
les  propridtds  gdndrales  de  ces  processus. 

2.11  -  Moddle  structural. 

Il  s'articule  sur  un  schdma  qui  distingue  plusieurs  stades  correspondent  :  4  la  prise  d'infor- 
aation,  son  stockage  4  court  et  4  long  teraa,  son  traitement  at  enfin  1 'execution  de  la  rdponse. 

a)  La  prise  d*  information  comport*  plusieurs  dtapes  i 

La  codaqc  sensorlel  :  transformation  de  l'dnergie  de  1' input  en  influx  nerveux  structurelleaent 
organise 

La  adaoira  sensorlalle  immediate  qui  est  une  rdmanence  trds  labile  de  ce  code 

L 'extraction  des  informations  pertinent** 

L* idsntif ication  par  cosparaison  evec  1*  contenu  d'un  "lexique"  contenu  dans  une  s^aoire  4 

long  term* 

La  denomination  qui  consist*  4  leur  attribuer  un  code  verbal  ou  non 

b)  Le  stockage  comprend  deux  aspects  : 

Le  premier  consist*  4  SMsgaslner  1' information,  il  s'effectue  an  deux  temps  successifs  :  la  mdmoire 
*  court  tarM  est  de  durde  limltde  4  quelques  secondes  |  elle  serait  supportde  par  une  rdmanence  des 
patterns  de  l'excitation  nerve use  correspondent  au  code  envisagd  prdcddesmnnt.  Lui  ferait  suite  un  stocka- 
ge  k  long  tense  qui  ferait  intervenir  des  processus  blochimiques. 

A  ce  teops  d' accumulation  succdde  celui  de  l'dvocatlon  qui  implique  la  recherche  de  1 ' information 
stockde  pertinent*  au  milieu  de  toutes  les  autre* ,  e'est  un  probldae  d'adressage  de  mdaoire.  On  adsiet 
que  la  mdmoire  est  orgsnisde  selon  deux  cri tires,  l'un  sdmantique  ou  concept uel,  1 'autre  perceptif.  Le 
premier  fait  intervenir  les  analogies  de  sens,  le  second  les  analogies  de  forme. 

c)  Le  traitement 

Il  peut  dtre  confu  comae  un  programme  coobinant  des  opdratlons  dldaentaires  en  vue  de  transformer  les 
informations  stockdes. 

Les  opdratlons  dldaentaires  sont  du  type  logique  (union.  Intersection,  ndgation,  ddbouchant  sur  des  ni- 
veaux  d<J4  plus  complexes  de  classifications  sdrlation,  implication,  etc,..)  ou  arithadtique  qui  en  sont 
des  ddrivds  (PIAGET).  La  succession  de  ces  opdratlons  reprdsente  un  programme  dont  la  finalitd  est  de 
rddulre  la  quantitd  des  informations  affdrentes. 

Une  des  caractdristiques  des  coaporteaents  des  organisaes  est  qu'en  presence  d'une  mine  constellation 
des  stimuli,  plusieurs  programmes  ddbouchant  sur  des  solutions  sont  disponibles,  il  est  done  ndcessalre 
d'effectuer  un  choix  tenant  coepte  4  la  fois  du  coQt  du  traiteaent  et  du  bdndfice  escoaptd.  Cette  fonc- 
tion  de  ddclsion  joue  un  rile  primordial,  elle  pezaet  en  effet  la  Bodiflcation  des  stratdgies  en  fonction 
des  fluctuations  possibles  du  milieu  et  des  possibllitds  instantandes  de  X'individu. 

d)  Execution 

Une  fois  la  decision  prise,  le  schdma  d'action  est  transposd  en programs*  s  d'exdcution  verbaux  ou  ges- 
tuel*.  Il  en  rdsulte  deux  consdquences  :  d'une  part,  une  modification  du  aiiieu  extdrieur,  d'autre  part, 
cn*  information  interne  gui  l'une  et  l'autre  constituent  une  nouvelle  constellation  de  donndes  affdren¬ 
tes  4  traiter.  On  peut  iaaginer  que  grSce  4  ce  bouclage,des  opdratlons  de  plus  en  plus  efficaces  soient 
aises  en  oeuvre  4  tous  les  niveaux  et  voir  14  le  support  des  apprentlssages  perceptifs  intellectuels  et 
aoteurs. 


2.12  -  Moddle  fonctlonnallste. 

A  cette  vision  diserdte  du  ddroulement  des  opdratlons  qui  reprodult  en  gros  le  schdma  input  — > 
botte  noire  — *  output,  on  peut  opposer  une  approche  plus  globale  qui  recouvre  non  plus  les  processus 
aais  les  propridtds  plus  gdndrales  qui  conditionnent  leur  execution. 

a)  Capacltd  de  traitement 

Cette  capacltd  reprdsente  l'aspect  quantitatif,  ell*  n'est  pas  infinie,  nl  pour  l'homae  ni  pour  la 
machine.  Cette  limitation  intervient  4  tous  les  niveaux,  qu'il  s'agisse  de  la  mdmoire  sensorielle  ou  du 
noabre  des  propositions  qu'il  est  possible  de  traiter. 
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La  capacity  de  traiteoent  est  trAs  faible  par  rapport  A  la  cooplexitA  des  inforaations  affArentes  > 
celles-ci  doivent  done  Atre  fragmentAes  en  sous-enseables  qui  une  fola  trait#*  constituent  eux-mAaes 
des  AlAaents  A  .ecoabiner  sAquentielleaent.  Selon  1  'experience  passt-i  des  sujets,  certaines  donnAes  peu- 
vent  Atre  considArAes  con  prAtraitAes.  La  complex! t#  subjective  est  done  touje-irs  plus  faible  que  la 
cooplexitA  objective. 

Deux  propriAtAs  coa*.lAoentalres  peraettent  ce  dArouleaent  sAquentiel,  le  filtrage  et  les  strategies, 
b)  Filtrage 

II  va  consister  A  prAlever  dans  la  totalitA  des  affArences  les  sous-enseebles  consider#*  comm  utiles 
en  eiiainant  1'inforaation  non  pertinents.  Ce  filtrage  est  necessaire  A  tous  les  niveaux. 

-  Direction  des  organes  des  sens  vers  la  partie  utile,  qui  sera  aise  en  afscire  sensorielle 

-  Choix  des  caractAres  A  retenir  A  1 'exclusion  des  autres 

-  Valorisation  des  donnAes  prAlevAes  dans  la  afaoire  A  long  ter*  qui  va  peraettre  l'identification 
et  1 'execution  des  traiteasnts 


c)  Strategies 

Ce  sont  des  sous- prog raaBes  d'opArations  eieasntaires  que  l'on  retrouve  Agaleaent  au  niveau  perceptif 
(exploration  visuelle,  recherche  dans  le  lexique  d' identification)  au  niveau  du  traiteaent  (aode  de  reso¬ 
lution  de  problAaes  logiques)  et  da  1 'execution  (sequences  gestuelles)  ;  il  seable  que  ces  strategies 
puis sent  itre  classAes  en  deux  groupes  : 

-  Les  unes  soot  du  type  analytique  sequential  et  correspondent  A  la  pensAe  discursive  supportAe  par 


le  1 engage 

-  Lett  autres  sont  synthAtiques  siaultanAes  et  seraient  plus  liAes  A  une  apprehension  globale  du  type 
spatial 


di  Decision 

Elle  est  rendue  nAoessaire  par  la  aultiplicitA  des  strategies  possibles.  A  un  niveau  trAs  global, 

1 'existence  AvoquAe  plus  haut  de  deux  nodes  d* apprehension  isplique  soit  un  choix,  soit  une  dynaaique 
qui  les  fait  altemer,  avec  predominance  Aventuelle  de  l'un  sur  l1 autre.  us  decisions  interviennent 
A  tous  les  stades  de  1'activitA  aentale  t  au  niveau  le  plus  AlAatntaire,  le  seuil  absolu  d'une  sensa¬ 
tion  depend  d'une  decision,  il  en  est  de  nine  des  choix  du  node  d' exploration  et  des  caractAristiques 
pertinentes,  et  enfin,  du  node  de  resolution  des  problAaes  et  des  actes  A  effectuer. 

Deux  facteurs  rationnels  dAteroinent  les  choix  t  l'un  est  relatif  A  la  distribution  des  inforaations 
(probabilitAs  subjective*)  et  1 'autre  A  la  valeur  qui  leur  est  attrlbuAe,  leur  produit  represents  ‘  *  gain 
escoaptA.  D'autres  fois,  la  decision  relAve  A  des  stereotypes  plus  ou  aoins  consdents,  conditionnAs  par 
des  habitudes  aentales,  des  facteurs  socio-culturels  ou  affectifs. 


2.2  -  Appro che  expAriaentale. 

Les  etudes  sur  1* attention  traitent  principals 


partie  les  aspects  fonctionnels  envisages  au  precedent  paragraph e. 


ent  de  deux  aspects  de  1 ‘attention  qui  recouvrent  en 


2.21  -  L* aspect  guantitatif  recouvre  la  notion  de  capacite  de  traiteoent.  Ms  1871,  JARVIS  avait 
reaarquA  qu'en  un  tenps  trAs  bref,  il  est  possible  de  coapter  des  objets  dans  la  assure  od  leur  noebre  est 
infArieur  A  7.  Les  diverse*  etudes  aenAes  dans  ce  sens  oontrent  une  assez  grande  coherence  :  6,9  lettres 
pour  GLANVILLE  et  DALLENBACH  (1929) ,  8  objets  par  HOODVORTH  et  SCHLOSBERG  (19S4).  HILLER  en  1956,  consta- 
tant  que  cette  capacite  lialtait  l'exercice  de  noebreux  processus  aux  niveaux  perceptual,  anAaonique,  ju- 
geaent  absolu,  etc...,  posa.  t  1'hypothAae  que  le  noebre  7  (plus  ou  aoins  2)  fixait  la  liaite  possible  du 
traiteaent  de  1'inforaation  par  l'hoeoe.  Il  convient  de  noter  que  cette  valeur  conceme  des  inforaations 
traitAes  cob me  des  unites.  Si,  en  effet,  on  ne  peut  traiter  que  7  lettres  ou  7  chiffres,  il  est  possible 
d'apprAhender  la  a#ae  quantitA  de  aots  ou  de  noobressignifiants,  reprAsentant  un  plus  grand  noabre  d'AlA- 
aents  pris  isolAaent.  Des  inforaations  redondantes  sont  dans  ce  cas  condensAes  en  1  seule.  On  retrouve  ici 


la  difference  entre  inforaations  objectives  et  subjectives,  les  demiAres  Atant  conditionnAes  par  1 'expe¬ 
rience  des  reqroupeaents  dAJA  effectuAs  par  1j  sujet.  C'est  en  definitive  non  le  noabre  des  objets  aais  la 
quantity  d* inforaations  qu'ils  reprAsentent  pour  l'observateur  qui  constitue  la  variable  ioportante. 


Outre  la  notion  de  quantitA  d' information  traitable  en  une  seule  operation,  il  faut  tenir  coopte  de 
la  durAe  requise  pour  la  traiter.  A  i'origine,  linitAes  aux  problAaes  simples  de  teaps  de  reaction! DODDERS 
1868),  ces  recherchas  s'appuyArent  sur  la  thAorie  de  1'inforaation  et  dAs  1952,  HICK  aontrait  que,  pour 
une  tAche  apprise,  la  fonction  qui  reliait  le  noabre  des  signaux  A  traiter  au  teaps  de  rAponse  Atait  de 
forae  logarithaique.  HELFORD,  en  1967,  assimile  le  fonctionneaent  de  1'opArateur  huoain  A  celui  d'un  or- 
dinateur  obAissant  A  un  programme  sAquentiel  od,  A  cheque  pas  requerrant  une  durAe  de  1'ordre  de  100 
millisecond** ,  ne  peut  Atre  traitAe  qu'une  quantitA  liaitAe  s  c'est  la  thAorie  du  canal  unique.  Dans  le 
cadre  de  ce  aodAle,  on  ccoprend  la  relation  entre  cooplexitA  des  donnAes  et  teaps  de  resolution.  Le  pro¬ 
blems  doit  Atre  fragment#  et  cheque  partie  traitAe  isolAaent,  puis  une  fois  condensAe,  reconfrontAe  aux 
autres.  Le  dAcoupage  peut  Atre  plus  ou  aoins  efficace,  1' ideal  Atant  une  partition,  aais  il  n'est  reali¬ 
sable  que  dans  la  aesure  ou  intervient  une  selection  efficace  des  inforaations. 


2.22  -  La  selection  des  donnAes. 

DAs  1904,  KULPE  avait  aontrA  que  lors  de  la  presentation  tachystoscopique  de  figures,  les  A1A- 
aents  sur  lesquels  1 'attention  des  sujets  avait  AtA  orientAe  Ataient  nieux  pergus  que  les  autres. 

NE1SSER,  en  1962,  distingue  deux  aspects  :  le  contrOle  prAattentif  et  l'attention  focale.  Le  premier 
serait  trAs  prAcoce  et  filtrerait  1'inforaation  dAs  son  acquisition  j  par  centre,  l'attention  relAverait 
de  processus  plus  IntAgrAs  et  plus  tardifs.  La  aAee  distinction  est  faite  par  B ROADS EVT  (1971)  qui  oppose 
une  selection  portent  sur  les  propriAtAs  objectives  des  stimuli  (stioulus-set)  A  celle  qui  aet  en  oeuvre 
leur  signification  (response-set). 

RAc* ament,  KEREN  (1976)  a  substituA  A  ces  dichotomies  un  continuum  :  les  deux  aspects  agiraient  si- 
aultanAaent  et  seul,  leur  dosage  diffArerait  scion  les  situations.  Le  aodAle  structualiste  a  aaenA  A  se 
poser  des  problAaes  quant  au  site  de  filtrage.  Etait-il  prA-perceptif ,  anAaonique,  conceptual,  verbal  7  Pour 
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in  tire*  santas  qua  soiant  eas  discussions,  alias  na  sont  pas  directeaiant  an  rapport  avec  notre  sujet.  Bien 
qua  NORMAN  (1969)  ait  ni<  1 'utility  da  1 ' intervantion  d'un  filtra,  il  seable  qua  la  concept  soit  perti¬ 
nent.  11  apparatt  chat  BROAD BENT,  en  1958,  sous  forne  d'un  dispositif  agissant  an  tout  ou  rien  :  l'infor- 
aation  pertinente  ast  retenua,  las  autrea  bloqudes.  Ce  noddle  na  peraattant  pas  d'expiiquer  la  prise  da 
conscience  d' informations  non  utiles,  TREISMAN  (1960)  a  propoj i  un  aoddle  plus  souple  faisant  intervenir 
un  attdnuateur,  las  informations  non  pertinentes  ne  sont  plus  41imin4es  mais  affaiblies.  Ces  informations 
affaiblies  seraient  ensuite  prises  en  coapte  en  fonction  das  besoins  requis  pour  traiter  1 'information. 
SELFRIDGE  (1960)  a  pu  aontrer  que  les  caractdres  importants  d'un  stiiaulus  qua  l'on  cherche  4  teeter 
dtaient  assentiellaaent  ndgatifs.  On  reconnait  plus  vite  une  information  par  ce  qu'elle  n'est  pas,  que 
par  ce  qu'elle  est. 

Ce  caractire  hidrarchique  des  processus  d'attention  est  confirm^  par  les  etudes  portant  sur  les  ca- 
raetdristiques  des  stimuli  les  plus  difficiles  4  filtrer  (HINES  -  1978) .  Ce  sont  essentielleaent  la  simi¬ 
larity  avec  les  stimuli  pertinents,  tant  physique  que  semantique  et  leur  caractire  soudain,  aldatoire. 

Le  premier  caractire  s'explique  par  la  necessity  de  oettre  en  oeuvre  des  niveaux  hiirarchiques  plus 
ilevis  en  raison  du  plus  faible  nombre  de  caractires  ndgatifs,  et  le  second  correspondent  4  un  phinooine 
d'alerte  et  de  disinhibition  qui  sera  abordi  en  fin  de  cet  article. 

On  dernier  point  doit  Stre  envisagi  quant  au  filtrage,  e'est  son  aspect  dynamique,  c'est-4-dlre  la 
possibility  de  passer  d'un  point  de  focalisation  4  un  autre  :  cette  mobility  conditionne  tous  les  proces¬ 
sus  de  strategies.  La  durie  minimal e  de  cocstutation  est  de  l'ordre  de  80  milllsecondes  (WEXFORD  -  1967). 

2.3  -  Approche  phystoloqique. 

Nous  passerons  rapideoent  sur  ce  point  qui  est  largeocnt  diveloppi  ailleurs  ;  seules  seront  retenues 
les  informations  utiles  aux  discussions  ultdrieures.  e'est  en  1949  que  MAGOUN  et  MORUZZI  deer i vent  le 
rdle  important  de  la  substance  riticulie  du  tronc  cerebral.  Cette  structure  regoit  de  fagon  indifferencide 
toutes  les  informations  qui  parviennent  au  systiae  nerveux,  et  exerce  une  action  excitatrice  sur  1' ensem¬ 
ble  des  fonctions  corticales.  Sa  destruction  chez  1' animal  le  rend  incapable  d'intygrer  les  donnfes  sen- 
sorielles  bien  que  celles-ci  parviennent  au  cortex  :  4  1* inverse  son  excitation  cr4e  un  phenoadne  d'yveil 
chez  1 ' animal  endormi.  Sa  fo-'-tion  est  dor.c  relle  d'un  centre  non  specif Ique  de  1 'attention  diffuse.  Plus 
tard,  en  1957,  HUGELIN  et  BONVALET  d«vi..vi.t  une  formation  situde  dans  la  region  thalaaique  dont  1 'exci¬ 
tation  aboutit  4  1 'activation  selective  de  regions  corticales,  en  les  en tour ant  d'une  zone  d'inhibition. 
Cette  structure  hiyrarchiqueaent  plus  dlevde  que  la  prdeddente  correspondait  4  une  fonction  plus  diffd- 
rencide.  SOULAIRAC  (1978)  ajoute  4  ces  deux  aspects  qu'il  noome  vigilances  de  base  et  focalisde,  un  troi- 
sidae  volet  qu'il  noiase  vigilance  affective  qui  aurait  pour  support  ana  tool que  la  region  rhinencdphali- 
que  rdpondant  au  cortex  archalque.  Cette  approche  anatooique  devait  se  completer  de  donndes  biochimiques. 
La  vigilance  de  base  serait  sous  la  dependence  de  addiateurs  de  type  adrdnergiques  dont  la  rd partition 
anatoaique  recouvre  le  systdae  rdticulaire  adsenedphalique,  certaines  structures  hypothalaaiques  et  les 
foraations  aaygdaliennes  du  rhinencdphale.  La  vigilance  fbcalisde  mettrait  er.  oeuvre  le  systdae  choliner- 
gique  qui  regrouperait  les  foraations  rdticulaircs  thalamiques  et  leurs projections  dans  les  deux  sens 
avec  le  cortex  cdrdbral.  Enfin,  la  vigilance  affective  semble  dtre  4  la  fois  ddpendante  du  systdae  choll- 
nergique  et  de  l'effet  aodulateur  des  addiateurs  cerotoninergiques. 

Ce  bref  rappel  nous  a  penis  de  retrouver  la  distinction  entre  les  aspects  global  et  focal  isd  et  de 
aettre  1 'accent  sur  les  facteurs  affectifs  de  la  vigilance  ainsi  que  sur  1 'aspect  longitudinal  de  ces 
diffdrentes  fonctions  qui  ne  sauraient  se  oontenter  d'une  localisation,  aals  agissent  en  tant  que  sys- 
tdats  interconnectds.  Ces  diffdrents  niveaux  constituent  les  conditions  de  1 'attention,  chez  l'hoaae,  od 
prddoainent  les  fonctions  corticales,  elle  s 'exerce  grfee  4  la  nlse  en  oeuvre  de  structures  plus  dlabo- 
rdes  et  notaaatnt  la  rdgion  prdfrontale,  qui  conditlonnerait  les  stratdgies  en  fonction  des  besoins 
affectifs.  PRIBRAM  a  aontrd  le  rdle  qu'elle  pourrait  jouer  rnrsw  ddtecteur  de  nouveautd. 

3  -  MESUBE  DE  L'ACTEKTIOM. 

Deux  approchcs  sont  possibles  : 

La  ptealdre  fait  appel  4  l'observation  directe  de  performance  ispliquant  certains  niveaux  d'attention. 
II  peut  s'agir  de  1'exdcution  d'une  tlche  rdelle  ou  plus  souvent  d’dpreuves  standardlsdes  ou  tests.  Cct 
abord  psychoadtrique  peut  4  son  tour  s'adresser  4  1 'attention  en  tant  qu'aptitude  caractdristique  stable 
d'un  individu  ou  4  ses  fluctuations. 

La  secondc  est  indirecte  et  ports  principal  eoent  sur  les  paraadtres  physiologiques  concomitants  de 
1 'attention. 

3.1  -  Hesures  de  performances 

Nous  nous  arrdeerons  peu  sur  les  performances  en  situai  '  — >s  rdelles,  celles-ci  se  prdtent  mal  aux 
mesures,  seules  sent  en  effet  disponibles  les  estimations  --  apidite  et  les  fautes  ou  incidents. 

a)  L'attentlon  -  Aptitude 

L' importance  de  l'attenticn  dans  1'exdcution  des  tlches  a  vite  amend  les  psychologues  4  oonstruire 
des  dpreuves  psychondtriques  destindcs  4  la  aesurcr,  et  ccci  souvent  dans  un  but  dc  selection  ou  d'orien- 
tation  professionnelle. 

L'attentlon  est  ici  envisagde  sous  son  aspect  statique  et  considdrde  conoe  une  aptitude.  L'dpreuve 
type  est  reprdsentde  par  les  tests  de  barrage  :  dont  le  prototype  est  cclul  de  P’DMON.  11  consistc  4 
ddtecter  dans  un  ensemble  dc  signes  graph  tquos  ceux  qui  correspondent  4  un  module  donnd.  La  forme  d'at¬ 
tention  qui  est  estimde  ici  est  la  focalisation  et  plus  parti culiOrcmcnt  la  resistance  4  la  distraction. 
La  sesure  des  temps  de  reaction  simple  constituo  dgaleaent  une  oesure  de  1 'aptitude  4  sc  tenir  prdt  4 
rdpondre  4  un  stimulus.  A  ces  dpreuves  simples  s'en  adjolgnlrent  rapideoent  d'autres,  oO  un  choix  devait 
s'effectuer  entre  stimuli  et  reponses.  Cltons  peur  odaolre  les  temps  de  reaction  de  choix,  les  tests 
d'attention  dlffu3dc.  Une  revue  de  ces  tests  a  dtd  rdceoraent  faite  par  BREMOKD  (1978).  Pour  ces  tests,  ce 
sont  la  mobility  <tcs  processus  dc  filtrage  et  1 ’copan  dc  l'attentlon  qui  sont  en  cause.  Enfin.  11  faut  se 


souvenir  que  1 'attention  est  la  condition  nAcessaire  A  1 ‘execution  de  toute  tic he,  et  done  de  tout  test, 
dans  la  mesure  od  la  faailiaritA  n'en  fait  pas  une  rAponse  automatique.  Toute  Apreuve  peut  done  Atre  con- 
sidArAe  cot  test  de  vinilance  :  en  particulier  les  tests  de  nAooire  inaAdiate,  ceux  qui  nettent  en  oeu¬ 
vre  des  strategies  nouvelles  a  dAcouvrir,  et  principalenent  les  techniques  qui  utilisent  un  matAriel  non 
verbal.  Toutes  ces  Apreuves  sent  celles  que  les  psychoeAtrlciens  utilisent  pour  le  diagnostic  de  la  de¬ 
terioration  aentale,  qui  est  une  diminution  de  l'efficience  liAe  A  un  processus  pathologique  ou  de  vieil- 
lissement.  II  s'agit  done  dAj4  d’une  mesure  des  fluctuations  de  l'attention. 

b)  L'attention  -  Etat 

Lors  des  etudes  portant  sur  les  predispositions  aux  accidents,  S.  PACAUD  avalt  dAj4  reaarque  que 
1'irrAgularitA  des  temps  de  reaction  etait  un  meilleur  predicteur  que  leur  valeur  aoyenne.  BILLS,  en 
1931,  constatait  egalement  que  lors  des  mesures  de  temps  de  reaction  apparaissaient  des  periodes  bre¬ 
ves  (blocs)  oC  les  r£ponses  etaient  anomaleoent  longues,  compensees  par  des  reactions  rapides  qui  aas- 
quaient  le  phAnoaAne,  lorsque  seule  etait  prise  en  compte  in  aoyenne. 

Hals  il  faut  attendre  les  travaux  sur  les  tAches  de  surveillance  lors  de  la  deuxiAae  guerre  mondiale 
(OITCHBOIM  -  1943)  et  leur  systematisation  par  MACKMORTH  en  1950,  pour  que  le  problAae  de  1 'evolution  de 
l'attention  donne  lieu  A  un  ensemble  coherent  de  'echerches.  Elies  dArivent  de  la  constatation  d'une  di¬ 
minution  de  l'efficience  des  operations  Sonar  et  Radar  au  cours  de  veilles  prolongAes.  Ces  tlches  se  ca- 
rccterisent  par  la  detection  de  sign aux  faibles,  peu  frequents  et  iaprAvisibles.  MACKNOKTH  les  a  nomme 
tAches  de  vigilance,  par  contamination  avec  le  tense  uti.'  ‘  si  en  physiologic.  Les  tests  tendent  A  re- 
produire  artificiellement  de  telles  situations,  et  le  premier  congu  par  MACKMORTH  (clock  test)  consls- 
tait  en  une  aiguille  se  dAplagant  par  A  coups  sur  un  cadran,  le  signal  A  detecter  etait  un  saut  double. 

Les  variables  mesurees  etaient  le  t«qps  de  latence,  le  pourcentage  de  detections  correctes  et  celui  des 
detections  erronees  t  la  coabinaison  des  deux  derniers  permettant,  en  s'appuyant  sur  la  thAorie  de  la 
decision  (SHEETS  et  TANNER  -  1954) ,  de  determiner  deux  nouvelles  oesures  :  le  coefficient  de  discrimi¬ 
nation  (d*)  qui  rend  compte  de  la  capacite  A  detecter  le  signal  et  le  critAre  (B)  qui  tr adult  1 'attitude 
prudente  ou  risquee  du  sujet  dans  sa  decision  A  considArer  qu'il  s'agit  ou  non  d'un  signal. 

Pcuvetit  Atre  rattachAes  A  ces  Apreuves,  celles  qui  con  cement  des  informations  plus  facilement  de¬ 
tectable  s,  plus  frAquentes,  mais  se  rApAtant  pendant  des  durAes  de  l'ordre  de  l'heure.  Les  Apreuves  de 
mAaoire  immediate  de  detection  d'identitA  de  nombre  en  sent  un  ecemple. 

A  1' oppose  de  ces  tAches  peu  complexes,  on  a  realise  des  dispositifs  simulant  1 'execution  de  mis¬ 
sions  A  forte  charge  informationnelle,  surveillance  de  nos^reux  cadran 5  ou  coapteurs,  poursuite  ou  ali¬ 
gn  eaent  en  position  ou  en  Vitesse  (ADAMS  -  1959  ;  ALLUISI  -  1967).  Le  dAveloppenent  de  la  microinforma- 
tique  a  petals  de  rAaliser  des  dispositifs  faciles  A  utlliser,  lAgers  et  sans  nAcanismes  mobiles  -  les 
signaux  Atant  prAsentAs  soit  sous  forme  de  chiffres  ou  de  syaboles,  soit  par  aff ichage  (LED  ou  CLD)  ou 
sur  Acran.  C'est  ainsi  qu'on  a  pu  envisager  l'emploi  de  tels  dispositifs  pour  juger  du  niveau  d'atten- 
tion  de  conducteurs  de  vAhicules  (ATTHOOO  D.A.  -  1975)  et  interdire  la  mise  en  route  en  cas  de  dAfail- 
lance.  Nous  avons  nous-cAmes  adapt A  sur  calculatrice  iaprlmante  (HP  97}  une  Apreuve  composite  (VIGIL  97) 
d'attention  couplant  un  subtest  de  mAaoire  de  chiffres  auto-adaptatif  et  un  subtest  de  detection  de 
dissimilaritA  de  noobres.  La  correction  est  ianAdiate  et  les  rAsultats  foumis  en  fin  de  cheque  pAriode 
de  quatre  minutes. 

KALSBEEK  en  1965 proposa  une  technique  de  mesure  de  l'attention  de  sujets  en  situation  rAelle  :  il 
s'agit  de  ia  mAthode  des  doubles  tAches.  Elle  consiste  A  surajnuter  A  1 'execution  normale  du  travail 
une  Apreuve  en  gAnAral  r->u  complexe.  et  A  mesurer  l'Avolution  des  performances  A  ce  test.  On  peut  uti- 
liser  A  cet  effet  des  vpreuves  de  detection  d'Aclairs  prAsentAs  en  vision  pAriphArique,  de  cooptage  4 
rebours,  d'estimation  de  durAes,  etc...  Ces  mesures  donnent  une  idAe  de  la  quantitA  d'attention  rAsi- 
duelle  disponible. 

L'utilisation  des  mesures  des  fluctuations  de  l'attention  iaplique  un  certain  nenbre  de  precautions 
mAthodoiogiques  notaament  dans  leur  eaploi  au  cours  de  situation  dc  travail  rAel.  L'applicatlon  d'un  test 
constitue  en  effet  un  stimulus  nouveau  qui  lui-oAme  constitue  une  source  d'Aveil  pour  le  sujet  (BRONN  - 
1977)  ;  les  mesures  obtenues  traduisent  done  plus  une  estimation  dc  l'attention  Aveillable  par  le  test 
que  celle  de  son  etat  actuel. 

Parmi  les  mesures  de  performances,  une  part  doit  Atre  rAservAe  aux  estimations  subjectives  des  nivemat 
d'attention  ;  il  existe  des  Ache lies  d'oLservation  standardisAes,  mais  surtout  oricntAes  vers  le  phAnoeA- 
ne  "fatigue*  et  des  questionnaires  d' autonotation,  come  celui  de  THAYER  qui  denande  aux  sujets  de  cochee 
les  adjectifs  qui  correspondent  4  ce  qu'il  rcssent.  RAcement,  TURNER  (1977)  n'a  pu  mettre  en  evidence 
une  correlation  er.tre  cette  Achellc  et  Xes  performances  objectives  4  des  tests. 


3.2  -  Mesures  psvchophyslologiques. 

Le  parallAlisme  des  evolutions  de  certains  paraaAtres  physiologiques  et  de  l'attention  les  rend  utili- 
sables  comme  indicateurs,  et  ceci  pour  deux  aspects  :  1 'un  quantitatif,  le  niveau  gAnAral  de  vigilance, 
et  l'autre  qualitatif,  l'attention  selective  (BUSER  -  1976). 

a)  Aspect  quantitatif 

On  connate  bien  les  caractAristiques  physiologiques  du  sexicil  (KLEITNAN  -  1953).  On  distingue  quatre 
stades  correspondant  4  un  sosmseil  de  plus  en  plus  profond  auquel  on  ajoute  le  R.E.M.  (Rapid  Eye  Movements) 
Seul  nous  intAresse  ici  le  versant  correspondant  4  l'Aveil.  A  ce  stade,  la  frequence  cardiaque,  le  tonus 
musculaire  et  la  temperature  centrale  sont  plus  AlevAs  que  durant  le  soateil,  la  resistance  cutanAe  plus 
faible,  mais  c'est  1'AlectroencAphalogramme  qui  traduit  le  mieux  ce  niveau  d’attention  diffuse  du  sujet. 

On  salt  que,  les  yeux  fermAs,  le  trace  prAscnte  un  rythae  de  8  4  12  Hertz  d'une  amplitude  minimale 
de  40  microvolts  au  niveau  de  la  legion  parieto-occipitalc  :  c'est  le  classique  rythme  alpha.  Lorsque 
l'attention  devient  plus  Intense,  on  observe  la  dispar ition  de  ce  rythme  :  c'est  la  reaction  d'arrAt. 

Dans  les  Atats  d'hypervigilance,  on  rencontre  ce  mAoc  trace  plat,  mais  d'une  fagon  peraanente.  La  quant 1- 
tA  de  rythae  alpha  peut  done  Atre  considArAe  comae  une  mesure  de  la  non  concentration  de  l'attention. 
EstiaAe  4  l'origine  par  le  pourcentage  du  temps  d'occurence  de  1'alpha  (index  a),  elle  peut  Atre  main- 
tenant  apprAciAe  4  l'aide  de  techniques  plus  AlaborAes,  peraettant  de  chiffrer  1 'amplitude  relative  des 
diffArentes  frAquences. 


A  partir  de  ccs  faits,  or.  a  pu  proposer  des  systems  de  contrfile  continu  do  la  vigilance  :  A  partir 
de  I'E.E.G.  chez  les  pilotes,  de  la  force  d'agnppener.t  chez  les  conducteurs  de  train,  de  la  resistance 
cutanAe  pour  les  automobilistes,  etc... 

Il  s'en  faut  toutefois  que  le  probltoe  soit  si  staple,  en  effet,  ce  tableau  n*est  pas  le  afae  pour 
to  us  les  sujets,  ainsi  que  l'a  aontrd  LACEY  (1958).  D* autre  part,  lc  systtae  circulatoire  entre  autre, 
pr^sente  sa  propre  rygulatior.  qui,  ccnsecutivement  A  une  eldvatior.  tensior.nelle.  peut  .ibout i r  A  un  ra- 
lentissement  cardiaquc  paradoxal.  Un  tracd  d'Jveil  E.E.C.  peut  accocpagncr  un  etat  de  non  disponibility 
de  1  'attention  et  A  I'mverse,  on  a  vu  des  survei Hants  radars  eificaces  presenter  des  3ignes  electri- 
ques  de  snneir  il.  Tous  ces  fatts  tncitcnt  a  la  plus  grande  prudence,  bier,  que  ces  aesures  prdsentent  un 
intdrAt  en  recherche  fondanentale. 

bi  Focallsatlon  de  1 'attention 

La  plupart  des  aesures  portent  sur  les  poter.tiels  6voquds  edrebraux  qui  sent  la  succession  des  evAne- 
aents  dlectriques  recueillis  sur  le  scalp  consdcutiveaent  4  1 'application  de  st.suli.  La  technique  d‘ ex¬ 
traction  est  disponible  depuis  mamtensnt  une  qumzaine  d'anndes  ;  elle  cor.siste  1  some r  les  per' ions 
d'E.E.G.  en  prenant  pour  chacur.e  le  stimulus  come  origme.  On  obtient  alors  ur.e  court e  qui  nr^ser.te  ur. 
certain  nombre  de  pics,  caracteristiques.  On  peut  distir.guer  en  gros  leu  cooposan'es  precoces  situees  A 
wins  da  150  ailli-secondes  du  stimulus  et  les  composantcs  tardives  apres  200  m  1  li-secondes.  Ms  1964, 
CHAPMAN  a  pu  oontrer  que  1 'amplitude  des  phases  tardives  des  potentiels  <5 vogues  Otait  augmentee  lorsque 
1*  at  tent  ion  est  dirlgde  vers  le  stimulus  et  reciproquement  la  aCne  anr.ee  GARCIA  AUS7T  cor.statait  ieur 
diminution  lorsque  le  sujet  <5tait  onente  vers  d'autres  stimuli.  Les  recherches  r <5 centos  i erjiWATZ  jnqg, 
ont  con f i me  Cette  spycificite  des  phases  tardives  et  prmcipalement  1 ' cr.de  positive  :> : tuee  V  50C  sulli- 
secondes  dans  la  foealisation  de  l'attcntior..  Elle  scrait  prmcipalement  sensible  aux  situations  dans 
lesquelles  une  incertitude  existe  quant  A  la  sur  venue  des  stimuli,  et  c0  le  suiet  doit  decider  de  1 'uti¬ 
lity  de  1' information.  Certains  auteurs  ont  montre  que  les  phases  prdcoces  pouvaient  rendre  couple  ega- 
lement  de  la  foealisation  (PICTON  -  1974)  et  seraiemt  plus  ample  pour  les  slgnaux  atter.dus  que  pour  les 
non  attendus-  Les  potentiels  yvoquds  peuvcr.t  done  ftre  cor.sideres  come  des  pher.oaer.es  i  :es  A  i’atter.tiat 
selective,  toutefois,  "lls  sont  plus  le  resultat  do  la  selection  d'un  signal  qu'ur.  signe  d'ur.  etat  ante¬ 
cedent  cooditionnant  cette  solution"  (POSNER  -  1975,  .  De  plus,  lls  r.e  sont  pas  Seulesent  er.  rapport  avec 
1* attention  selective,  lls  evolucr.t  egaleaer.t  avec  le  niveau  de  vigilance  global  (DEFAYOLLE  -  !97!  et 
ce ci  pour  les  phases  prdcoces  et  tardives. 

Outre  ces  aspects  eiectroenoephalographiques,  d'autres  sigr.es  eicctrophysiologiques  accompagr.ont  les 
processus  de  filtrage  :  ainsi,  une  augmentation  des  aouveaents  ccuiaires  dar.s  les  laches  visuelles  tra- 
duit  1 'exploration,  elle-afae  condltionnec  par  la  selection  des  informations.  Ur.  paramdtre  cardiaque 
peut  egaleaent  *tre  r£v£lateur,  il  s'agit  de  l'arythmie  sir.usale  d.Scrite  par  KALSBEEK  !  1963)  ;  cet  au¬ 
teur  a  montre  que  souvent,  les  6 tats  d'attentlon  focalisee  s'accompagnaier.t  outre  d'ur.e  acceieratlcr  car¬ 
diaque.  d'une  augmentation  de  la  regularity  des  iiulsations.  De  nSm»,  or.  peut  observer  une  diminution  de 
la  frequence  respiratoire  qui  peut  elle-atee  At  re  la  cause phynerjine. 

4  -  PACTEURS  INFLUAMT  SUR  L*  ATTENTION. 

Le  point  de  dfpart  de  toutes  ces  rechercr.cs  est  la  cor.statatior.  d'une  diminution  des  performances  de 
detection  lorsque  eelles-ci  se  prolonger.t  au  delA  ue  45  minutes  (BROADSENT) .  Cette  degradation  a  tout 
d'abord  <t6  envisagye  sous  son  aspect  quantitatif,  et  MACKMOKTM  J.F.  (1964)  la  relio  au  temps  6ccul6 
par  une  fonctior.  lir.yaire  de  la  racme  carry  de  celui-ci.  Une  analyse  plus  fine,  A  p..rtir  du  modAlc  de 
la  detection  de  SHEETS  et  T AIDER,  montre  que  cette  dytynoration  n'est  pas  liye  A  aptitude  A  dytocter 

le  signal  (d')  mais  A  une  augmentation  tie  la  prudence  dar.s  la  prise  de  dycis.'.cn  (S  'BROADBENT  et  GREGORY 
1965). 

A  l'origine  centrye  sur  les  tAches  de  surveillance  peu  complexes,  les  recherches  se  sor.t  yter.dues  A 

d'autres  aspects  : 

-  TAches  motrices  rypytitives  (MURRELL  -  1971) 

-  TAches  A  fortes  charges  mentales  (ALLU1S1  -  19^Ti 

-  TAches  psychomo trices  (HAUTY  -  1955/ 

Dans  tous  les  cas,  les  caractynstiques  des  dytynorations  ont  ety  identiques  A  ur.e  cor.star.te  pr6s. 
L'attention  lors  d'un  enseignement  atteir.drait  son  maximum  aprOs  15  minutes  et  dycroitrait  ensuite 
(STUART  et  RUTHERFORD  -  1978) .  Les  erreurs  de  d*Stoction  surviendraient  apres  90  minutes  chez  les  conduc¬ 
teurs  de  train  A  grande  vitesse  (ENDO  et  KDGI  -  1975) . 

Un  certain  noobre  de  facteurs  sont  susceptibles  d'exercer  une  influence  sur  cette  d^tyrioration  r.or- 
aale.  Nous  les  classeror.s  en  trais  catygorics  :  ceux  relatifs  aux  caractynstiques  des  tAches,  ceux  qui 
reinvent  des  conditions  d'environnement  et  enfir.  les  facteurs  dependant  des  sujets. 

4.1-  Caractynstiques  de  la  tAche 

On  n'a  pas  observA  de  dlffyrences  relevant  de  la  modalite  sensortellc  :  les  tAches  visuelles  et  audi- 
tives  se  dygradent  identlquement  (CHENEY  -  1968).  Plus  ur.e  tAche  est  constitute  do  signaux  de  faible  in¬ 
tensity  (ADAM  -  1956),  courts  (BAKER  -  1963),  plus  elle  tend  A  se  dyt6rioter  rapidonent.  La  distribution 
des  informations  joue  egalemcnt  ur.  rdlc  important.  Une  faible  frequence  s'accompagne  d'ur.e  plus  grande 
degradation  (DEESE  et  ORMOND  -  1953)  et  d'ur.  ralentissenent  des  ’■yponsos  (MARTI;  -  1967).  Le  facteur  impor¬ 
tant  serait  la  dur4e  qui  s6pare  les  detections  successives  et  nor.  les  signaux  eux-aAnes  (JSJKINS  -  1958.  . 
A  l'inverse,  TAUB  et  OSBORNE  (1966>  trouvent  que  la  degradation  est  plus  raplde  lorsque  la  frequence  io- 
tale  des  informations  devient  trop  grande.  Cette  divergence  n'est  qu'apparente,  un  certain  optimum  sembie 
exister  auquel  correspond  une  dygradation  mmimalo  (JOHNSTON  et  Coll.  -  1966'.  La  pryvisiti  1  ity  des  si¬ 
gnaux  constituc,  elle  aussi,  un  yiement  favonsar.t  le  mimtier.  des  perfor.- •'ces  (BUCKNER  -  1961i.  Enfm, 
la  complexity  de  la  tAche  doit  etre  prise  en  compte.  Plus  le  nonbre  des  sources  de  signaux  s'accrctt, 
plus  la  degradation  est  sensible  (ROBEY  -  1963),  bier,  que  GRUBF-R  (19*- '•  ait  aonlr#  que  1  'altermar.ee  ies 
modal  ity  s  sensorielles  pouvait  exercer  ur.  effet  favorable.  Les  tAches  inpl  iqu.tn?  une  activtte  pj.ysique 
(poursuitc)  ou  mentalc  tendent  A  mieux  rysister  A  la  degradation  que  les  tAches  passives. 
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!1  ••able  qu'au  niveau  tie  la  coaplexltA,  on  retrouve  un  phAnotnAn*  analogue  a  celul  de  l'optimum  que 
nou«  avons  AvoquA  prAcAdenment  i  le*  tAchos  trop  simples  ou  trop  complexes  rAslxtent  mal  loruqu’el  les 
•ont  trop  prolong***. 

4. 2  -  Condition!  d'AxAcutlon 

Oan*  cette  parti*,  on  regroup*  lea  facteur*  non  di rectement  liAs  A  la  tAche  et  A  1 'opAratour  :  les 
condition*  d'amblance,  1  *  on  v  l  ronneaen  t  psycho-social  *t  lcs  facteur*  chronologlques. 

a)  rat-*  iur»  d' ambiance 

.11  ‘aglt  tie  1 '  inf luence  de*  nuisances  *ur  1'exAcutlon  dee  tAches  impllquant  un  bon  niveau  d'atten- 
tion.  DiUX  aspect*  ont  AtA  plus  partlcullArement  AtudiAs  :  co  sont  lex  bruits  et  la  tempArature.  Les  ef- 
fet*  Ju  bruit  ne  sont  pas  unlvoque*  i  de  noobreux  facteurs,  en  effot,  les  conditionnent.  Une  forte  inten- 
■  ltA  (supArleur*  4  95  dfl)  tend  A  dAgrader  les  performances,  mals  le  silence  coaplet  est  Agalement  fa¬ 
vorable.  La  nature  du  stimulus  sonore  lntervlent  Agalement  i  un  bruit  constant  exerce  un  effet  nolndro 
qu'un  bruit  p/Asentant  lies  caractAr 1st lques  aldatolres  (nodulatlon  en  frequence  ou  an  Intensity,  presence 
de  transitolres) .  La  signification  du  signal  sonore  est  Agalement  un  facteur  laportant  :  on  a  dans  l’or- 
dre  ddcroissant  i  parole,  bruit  et  muslque  (TARRIE RE  et  WISHES  -  1962).  Mais  ces  offets  propres  aux  ao- 
b lances  sonores  peuvent  entralner  des  effets  different*  scion  les  variations  ties  autres  facteurs.  C'est 
ainsi  que  les  tAches  4  faible  cooplexit*  peuvent  Atre  amAllorAes  par  l'adjonction  de  stimuli  sonores. 
alors  qua  ceux-ci  aminent  la  dAtArl oration  d'une  tiche  complexe.  Le  travail  en  ausique  est  favorable 
pour  Aviter  la  degradation  des  performances  lors  d'un  travail  rApAtitlf  peu  lnformatlf. 

Pour  la  teapdrature,  on  observe  dgalsoent  une  valour  optimal*  de  26  deqrds.  Une  augmentation  de  la 
tempdratu re  extdrleure  A  36*  ou  une  diminution  1  21*  amdnent  l'une  et  1 ‘autre  une  ddgradatlon  des  per¬ 
formances  (MACKMORTH  -  1950).  Pour  WILKJCI90H  (1964),  les  effets  de  la  chaleur  dependent  du  type  de  ti- 
che  i  all*  ddgraderait  les  tlches  cxxsplexes  et  faciliteralt  celles  de  surveillance  passive.  La  chaleur 
augments  les  erreurs  de  ddtectlon  et  le  frold  ralentlt  les  rdponses  (MACKMORTH  •  1969) . 

Les  effets  du  bruit  et  de  la  chaleur  sont  susceptibles  de  ne  potentialiser,  c’est  ainsi  qua  PAPIN 
(1973)  a  pu  rjontrer  que  dans  une  tiche  de  plstage,  les  performances  dtaient  mol  ns  bonnes  A  34  degrds 
cent! grades,  par  contra,  bien  qu'appliqud  isoleoent,  le  bruit  n'entrafnait  pas  de  ddgradatlon,  sa  coo- 
binaison  avec  la  chaleur  amenait  une  plus  grande  ddtdrloration.  Les  stats  remarque*  pourralent  dtre  fal- 
tes  A  propos  de  la  pression  athsusphdrique  :  en  dega  et  au-delA  des  conditions  normales,  les  performan¬ 
ces  se  ddgradent.  Loraque  l*on  envisage  les  effets  des  conditions  d'aablance,  il  faut  garder  A  1 'esprit 
qu'alles  s'exarcent  de  deux  fagons  :  d’une  part,  elles  agissent  sur  le  niveau  gdndral  d'activation,  et 
d'autre  part,  elles  constituent  en  elles-mlmes  un  stimulus  qui  peut  entrer  en  coopAtltlon  avec  l'infor- 
matlon  pertlnente. 

b)  Facteurs  psycho- sociaux 

Ods  le  dAbut  des  dtudes  sur  les  tAches  <1*  surveillance,  les  auteurs  ont  pns  conscience  de  1' impor¬ 
tance  de  la  connaissance  que  les  sujets  avalent  de  leur  perfornance,  Cette  Information  en  retour  retar- 
de  en  effet  notablastent  la  ddqrajatton  des  performances  au  cours  du  tergss  (MACKMORTH  N.H.  -  1950).  Une 
analyse  plus  fine  a  permts  de  prdciser  les  csractdrlstlques  de  cette  retroaction. 

La  rdcostpense  pour  une  bonne  rdponse  et  la  punition  pour  ur.e  fauss*  auralent  le  nArae  effet  (REVAN  - 
1965/  ,  ll  vaut  mieux  punir  pour  une  mission  que  pour  la  ddtectlrn  d’un  signal  absent  (SMITH  -  1967/  . 

Une  information  fauss*  sur  les  resultats  a.  malgr*  tout,  un  *t*et  Mndfique,  bien  qu’A  aoindre  deqrA, 
qu'une  information  correct*  (MACKMORTH  -  I964)et  1  ’  i  nfornat  ion  verbal*  est  'referable  A  ur.e  presenta¬ 
tion  vlsuelle  (HARDESTY  -  1963/.  Enfin,  le*  Jugenentx  Avalua'ifx  son*,  plur  effioace*  que  c«‘ux  jul  /.*• 
font  Atat  que  de  l’aspect  quantltatlf  (HARDESTY  -  1964). 

Tous  c«*  fails  traduisent  I’lmpcrtonce  des  renforcersT.tr.  /./.mix.  L.i  presence  r •  1 1 •  •  d-  1*  b  lerv.t- 
teur  n'est  d’allleurs  pas  indispensable  •  P'JTZ  a  pu  aontrer,  en  effe*,  le  rWi.  effet  favorable,  qu*  . 
celui-cl  se  trouve  dang  la  t:  plAce,  vu  A  travers  une  ‘  u  r.s'r.e  sur  un  ecran  de  television.  Ur. 

autre  aspect  de  la  fact  1 1 1  atio..  soclale  est  attest*  pur  la  t/oir.  If  !•—.•- i  uj at ..  lorsque  plusieurs  of 
rateurs  sont  dans  la  Oslo*  salle  it  peuvent  converser. 

c/  Facteur*  enrono longue* 

Ils  vont  nous  peraettr*  d’effectuer  la  transition  avec  I’milenci  J.v.  i  tr  act>T .  sf  ;  ;u<-»  propres  aux 
opArateur*.  Nous  serons  bref,  ce  point  ay  ant  AtA  exf/use  uilleurs.  Or.  salt  1  ’  influence  nAfast*  des  r.eures 
du  milieu  de  la  nuit,  I’existence  de  rythaes  heUloma.Lt  i  res  et  annuel  j,  sans  imt>li-r  le  r/thrv  re-nstruel 
de  la  femme  :  la  pArlode  postovulatol re  se  trailulsant  suuvvnt  par  des  troubles  de  1 ’at tent  ion.  La  de- 
synchronisation  des  rythmes  par  f ranchlsseaent  horalrer.  a  fait  i’otjet  ,1’Atudex  non!  reuses  iepui*  la 
gAnArallsatior.  des  vols  long  courrier  ;  elles  ont  r-'veK-  une  dAtArtorat  lor.  plus  important,*  ;our  les  vols 
ouest-est,  quo  pour  ceux  de  direction  inverse. 

4.3-  Facteurs  lies  aux  sujets 

Certain*  sont  permanent*  ou  semi-permanents,  d'uu'.res  at  contraire  t  *vet*r.r  un  ca r a.'i r *  accident*!  ; 
le*  premiers  constituent  les  traits,  les  autres  lex  Stats. 

a/  Caracterlstlguen  stables 

II  ne  seable  pas,  en  ce  qui  cor.cerne  Inaptitude  a  effectuer  de#  riches  nilcess 1 1 ar.»  le  1 'attention, 
qu'll  exist*  d*  correlation  avec  le  niveau  Intel lect ue l .  Par  centre,  un  haut  niveau  de  perfornance  dans 
une  tAch*  la  rend  plus  rAsistante  aux  'hhjradatlons.  C’est  ainsi  que  KLEIN  et  Coll.  (197',)  ont  pu  iwntr.'r 
que  les  effets  des  d* cal ages  horatres  Stalent  plus  faibles  cheu  les  sujets  qui  avalent  le*  meilleures 
performances  et  ceux  qui  ftaient  le  nleux  entraln*3.  Avec  PAPIN  (1972),  nous  avons  mis  en  Evidence  ur.e 
liaison  entre  l*  niveau  intellectuel  des  sujets  et  leur  resistance  aux  effets  d*gradants  du  bruit  et  de 
la  chaleur  dans  un*  tiche  d*  poursuite  i  lei,  l’intelligence  joue  vralssemblabl./ment  au  niveau  de  la 
faclllt*  d'apprentlssage,  celul-cl  <tant  dans  l’exp*rience  tr*s  bref. 

Sur  1*  plan  des  variables  de  personnel  it*,  I’Acol*  brttanmque  d’EYDENCK  a  cherch*  les  relations 
entre  Intro  -  extraversion  et  l 'attention,  Les  introversifs  se  caractAriseraient  j>ar  un  haut  ntvesu 
d'excltation  du  systAme  nerveux  central  et  r*slsteralent  nieux  A  la  degradation  des  performances  de 
surveillance  (CORCORAN  -  1965).  RAceoment,  EYSENCK  N.W.  (1976,  a  montrA  que  les  meilleures  performan¬ 
ces  sereient  llAes  A  un  niveau  moyen  d’ introversion.  Ce  rAsultat  est  confirm,'  sur  des  malades  ilApressifs 
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[>*r  BYRNE  (1976)  qui  oppose  le*  psychotiquv*  sous-activAa  aux  nAvrotlquos  auractivds.  Eu  os  t  iiru.n  t  1 'acti¬ 
vation  par  la  technique  do  NllAGASS  (seuil  d'endormlssunent  sous  bsrhituriques) ,  u  trouve  quo  loo  nl- 
voaux  moyon*  correspondent  aux  adlleuri  taux  da  dAtectlon.  O' autre*  factours  do  poroonnaUtO  ont  *t* 
envisages  i  SCHLESINGER  (1964/  oppose  las  otijeta  A  large  ompan  d'attention  A  caux  qui  ont  un  champ  rA- 
dult,  et  WITK1N  (1954)  classe  sox  sujets  en  fonction  do  lour  aptitude  A  so  ddtachor  doe  information# 
non  pertlnentes  constituAes  par  lo  fond  (opposA  A  la  flguro  partinontc) .  SCHLESINGER  s' orients  done 
Vers  1 'aspect  quantitatif  ot  WITKIN  sur  la  sdlection  des  Informations. 

Etat  du  sulot  i 

Nous  avons  vu  prAcAdommont  la  rdle  do  a  rythmoa  blologique.'i,  le  plus  souvant  lours  offots  so  combi- 
nent  avac  la  privation  la  aomovil  :  cctte  dernlAre  sa  manifesto  Agaloment  par  das  troubles  do  1 'atten¬ 
tion  at  cecl  d'autant  plus  quo  la  tAche  eat  famillArc,  monotone  (WILKINSON  -  19611).  La  dAgradation  lido 
A  la  prolongation  da  1'epreuvo  oat  alors  plus  marquAo.  Ella  so  tradult  par  une  attitude  plus  prudente 
pour  las  privations  modArAes,  puis  par  une  augmentation  das  fausaes  alarms*  lorsquo  la  privation  est 
sAvAre  (plus  do  3  nuits) .  La  connaissance  das  rAsultats,  et  le  bruit  minimisent  les  effets  do  la  priva¬ 
tion  do  somoell. 

La  fatigue  physique  entrafnc  Agaleoent  une  degradation  des  performances  aux  Apreuves  d'attantlon 
(DEFAYOLLE  -  1978).  II  on  est  do  mAme  do  la  naladie  :  ALLUISI,  en  1969,  observe  au  cours  d'une  maladle 
infoctiouse,  la  Tularemie,  uno  deterioration  de  25  \  dcs  performances  lors  de  tAchcs  d'attantlon  prolon- 
qAe.  Nous  citcrons  pour  mAmoire  les  effets  des  produits  psychotropes  qui  neront  aliordA*  au  cours  da  la 
JeuxtAme  JournAe  de  cette  sAric  de  conferences  :  les  hypnotlcues  cntralncnt  une  degradation  de  1 'atten¬ 
tion  A  1' inverse  des  stimulants,  ceux-cl  A  forte  dose  ont  to'.tofols  un  offet  nAgatlf. 

La  motivation  pour  la  tAche  constitue  un  das  plus  importants  factours  :  la  connaissance  des  rAsul- 
tats  est  un  des  moyens  de  1 'entretenir.  Un  excAs  de  motivation  ou  la  presence  d'anxiAtA  ou  de  preoccu¬ 
pation  exercent  un  effet  d6 favorable. 

Les  effets  Isolds  de  tous  cos  facteurs  sont  suscept 1 bles  de  se  conbiner  soit  en  se  potential lsant, 
solt  en  coopensant  laurs  effets  adverses.  Ainsi,  la  motivation  peut  conpcnsor  les  effets  dAgradants 
d'une  tAche  repetitive,  de  la  privation  de  soaortl,  etc...  Par  contrc,  le  bruit  degrade  plus  les  tAches 
complexes  exAcutAes  avec  forte  motivation.  La  chlorprona2tne  dimlnue  les  effets  ndgatifs  du  bruit 
(HARTLEY  -  1977).  L'effort  physique  favorise  ies  tAches  simples  et  dAtArlore  les  plus  complexes  (SJOBF.RG 
1977,. 


5  -  MOOELKS  EXPLiCATIFS. 

Le  contraste  existent  enrre  la  multipllcltd  d.-s  factours  influent  sur  1 ’attention  et  la  relative  slm- 
plictte  do  leurs  effets  conduit  A  proposer  des  theories  explicative*.  Pour  cortalnes,  un  seul  facteur 
sufflt  A  expi lquer  les  faits  observes.  Trots  grandes  theories  ont  Atd  avanedes  s 

-  MACKWORTH  (1950)  s'appuie  sur  le  noddle  du  conditlonnenent  pavlovien  et  impute  la  deterioration  au 
dAvoloppenent  de  1 'inhibition  interne  par  non  ronforcenent.  ' 

Me  COR.MACK  (1962)  fait  intervenir  A  cdtA  de  ces  phAnooAnes  d' inhibition  le  rflle  de  la  motivation. 

-  BROATBENT,  un  195j,  propose  la  thdorle  du  flltre.  Celul-cl  a  pour  rfile  de  sdlectionner  pour  un 

traitement  ultdrieur,  les  stimuli  importants,  en  raison  de  leur  intensltd,  leur  signification  blologl- 

quo  et  leur  caractAre  de  nouveautd.  e'est  la  diminution  de  celle-cl  au  cours  Je  l 'Apreuve  qui  cxpllque- 

ralt  la  JAgrjdation  de*  performances.  En  196.1,  c«  nAi»*  auteur  fait  joucr  un  rAlo  preponderant  aux  proces¬ 
sus  JAcislonneis. 

-  La  derniAre  tendance  fait  appel  au  concept  physiologique  d'activation  qui  reile  le  niveau  d’Aveil  et 
la  performance.  Nous  avons  vu  prAcederoent  que  les  it 'ferents  niveaux  d'attention  s 'accocpaqnaient  de 
modi  f  icat  io:.  de-  pararaAtro"  psycliophysloiogl<iues,  tradulsant  la  mlse  er.  fonction  du  systAme  rdtlculaire 
non  spAcifique.  La  thdorie  de  1 'activation  constdAre  ce  parallel  isme  come  une  causalirA,  reprenant 
sur  !<•  plan  psychologtque  les  idAe*  de  CANNON  (1936)  rpil  attrlbualt  une  fonction  de  preparation  A  l'atta- 
quo  ou  A  la  fulte, aux  reactions  vegdtattvea.  Les  different*  facteurs  envisage*  au  paragraphe  precedent, 
er.trjlnar.l  g*'nAr.ilomont  des  phdnomene*  vAgdtatlfs,  il  etait  loglque  de  conaldAror  ieurs  effets  comne  une 
consequence  de  1 'activation  ;u‘il*  indulsent. 

Les  donnde*  experimentales  rdvAlent  souvent  gu'entre  activation  et  performance  la  liaison  est  non 
monotone,  mais  revAt  la  forme  curvtlmeaire  J' un  u  renvernA  ;  tl  existeralt  done  ur.  point  optimal  d'actl- 
vatio.i  tel  que,  en  deg  a  et  au  delA,  on  observerait  une  diminution  de  1’efficaclte  (MALMO  -  1962).  Ce  phA- 
nomAr.e  avait  At.,  decrit  d»‘*s  1908  par  YER EES  et  DODNON  A  propos  tie  1 'apprentlssage.  Nous  1 'avons  qe  *  A  r  c  r>  - 
font  re  pCur  1"*  effets  de  la  complexttA  du  bruit,  den  paychot ropes  et  de  Ja  typologie.  L'expllcatlon  do 
la  part le  ascendante  de  la  court e  apparalt  simple,  par  centre,  tl  out  plus  difficile  de  comprendrc  com- 
:!*",*■  un  uurcrolt  d'activation -peut  induire  une  diminution  de  1  'ef f Iclence ,  HROADBEITT  (1965)  fait  lnter- 
vtnir  1*'  mode  le  de  decision  e*  rein.  1 'activation  A  1 'augmentation  de  1  a  prise  do  risque  ((?)  ,  la  ddgra- 
J.itlon  serait  alors  due  A  ur.o  attitude  imprudence  jut  augnenteralt  leu  faunses  dAtcctions.  EACTERpROOK 
.1969,  atlribue  le  phdnonene  (e  tt.'gr.  vi.it  Ion  rencor.t  roe  lors  de  1  ’hypdract  IVat ton  A  un  excAs  de  la  f oca  - 
lisa*.  ion.  Me  dRAXll  (1963)  pro;x>se  tie  combiner  deux  factours  s  l'activatton  et  le  filtraoc,  UAe  reprise 
'•••  comp l At 6e  r'H'fwn!  par  CUKER  (1975)  qui  distingue  'rots  conpos.mtn  :  I'alerte,  la  selection  et  les 
jirvc'essu-,  conscier.ts  de  choix  le  strategic. 

e'eut  Lina  cette  opt i que  pie  !10us  avons  prop's*1  un  nodAlo  (ct.  ('R'X'o  -  ! a 7ft ;  faisant  intervenir 
deux  facteurs  :  la  capucitA  do  trutenent  et  cello  de  outrage,  plain's  l'une  et  l'aurre  soils  1 'influen¬ 
ce  h:  niveau  gAnAral  1  *  ac*  t  vu*  ion.  I.'  informa*  lor.  rue  le  sujet  est  susceptible  do  traitor  A  cheque  lns- 

•  an*  jh-u*  **■  *  r  •  re  part  ie  on  qua*  re  soua-ensenblos  roper.  Ian*  A  deux  crltAr***  : 

-  lot.  ir.qino  :  olio  j»*u*  <*■*  ).■  oxterne,  v«’htcul*'o  par  les  organes  sensor  le  Is,  <  a  Interne  et  Atre  rons- 
*  .tuAe  j.  ti  I  'on  i  -tTd  le  ,!«.*  imaa-n  et  rej.rAsen* at  i  t.i  quo  le  -mjet  out  -ttweept  lido  d’Avo|uer 

*  is  per* ’.non,  ,,  vit-.i-vis  !*•  l  ,  *.  Icho  •  Jes  i ti form.it  ions  ex*ornou  j«*rt  i n«*nt  •*»  (.7)  sont  cellos  qui 
correspondent  aux  mtxli  t  ica*  .oris  iv  1  'envl rotinenent  en  rapjsir*  avec  la  tAche  A  effectuer  ,  les  con- 
. l  ines,  los  rAgles  de  t raitewnt  et.  1 'expect.it  lor.  des  gains  ou  coflts,  sent  Agalemnnt  de*  informa¬ 
tions  pet  1 1  nentes.  Par  contre,  corit  non  pert  inon'ou  (B)  leu  donm'es  ext  ernes  relatives  A  1 'envi- 

ronnemont  ibruit.  chalour)  e*  internes,  cx.  it  1  *  ..’os  .1' Avoc.it  tons  non  jert  ir.entes  (soucis,  cons¬ 
cience  des  nuisances,  e*c...i. 
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Pour  fixer  un  ordre  d'idSe,  les  informations  externes  correspondent  4  !0  bits  rfipartis  en  87%  et 
9%  respsctivement  pour  le°  canaux  visuels  et  auditifs.  Cette  masse  de  donndes  est  considdrablement  plus 
grande  qua  la  capacity  de  traitement  global  de  l'homme  qui  se  situe  4  environ  15  bits.  La  solution  4 
cetts  disparted  va  consister  4  trier  les  informations  4  I'aide  d'un  filtre  de  fagon  4  ne  traiter,  4  cha- 
que  instant,  que  ce  qui  est  utile.  Le  processus  pourrait  se  schdmatiser  de  la  fagon  suivante.  Face  4  un 
signal  qui  excSde  la  capacity  de  traitement,  le  filtre  (F)  se  positionne  de  fagon  4  en  prdlever  une  par- 
tie  qui  soit  compatible  avec  les  possibility  lu  systems  de  traitement  (T) ,  compte  tenu  de  1‘ information 
interne  correspondent  au  programme  de  traitement.  Celui-ci  condense  les  dlements  sdlectionnds  en  une 
unity  d'ordre  superieure  stockde  en  mdmoire. 


PERTINENTE 

S 


INFORMATION 


ACTIVATION 


NON  PERTINENTE 
B 


Endogfene 

Exog&ne 
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....  MAUVAIS  FILTRE 


TRAITEMENT 


Le  filtre  se  replace  alors  sur  une  autre  portion  Ue  3 'information.  Chaque  repositionnement  est  ddfi- 
ni  par  le  programme  d 'explorav-ion  et  oar  les  resultats  du  traitement  prdeddent  selon  un  processus  de  type 
markovien.  Un  probldme  ou  partie  de  probleme  non  rdsolu  est  done  susceptible  de  bloquer  touts  ’ i  succes¬ 
sion  des  operations  4  moins  de  changer  de  programme,  done  d'en  selectlonner  un  nouveau.  On  retrouve  ici 
in  notion  de  processus  vicariant  (REUCHLIN  -  1978) . 

Les  deux  fecteurs  T  et  F  sont  sous  ia  ilependance  du  niveau  d' activation  (A).  L’ accroissement  de  ce 
dernier  entraine  une  augmentation  de  la  capacity  de  traitement  et  une  diminution  de  ia  valeur  du  fil¬ 
tre.  C  a  dermere  hyp' these  est  inverse  de  celle  proposde  par  EASTERBROOK,  le  suget  suractivy  n’est 

pas  t  £ocalis4,  mais  au  contrairo  ne  peut  assuri  r  un  filtrage  correct.  Ce  point  de  vue  re  joint  celui 

de  I'.-aTANEN  (1975)  qui  att^ibue  la  degradation  dec  performances  des  sugets  suractivus  4  des  "demandes 
divergentes" ,  c’ost-a-dire  4  des  informations  internes  non  inmediatement  pertinentes  pour  l'exdcufon 
de  la  ‘ache.  Quant  au  niveau  d'activation  (A),  il  est  determine  par  la  quantity  d’ informations  4  trai- 
t  r,  pertir.enl.es  ou  non,  l'dtat  physiologique  du  suget  et  sa  motivation  (H) .  Cette  dernidre  joue  un  rd- 
tr':s  important,  elle  represente  la  vigilance  affective  (SOULAIRAC  -  1978).  BAILEY  0976)  a  montrd  la 
relation  qui  ex^sto  entre  ennui  et  dveil  et  MURRELL  (1774)  a  udveloppd  la  notion  d‘ AUTOAROUSAL,  ou  les 
informations  internes  sont  utilisees  commo  gdndratrices  d’eveil.  ' 

La  fonct^on  croissante  de  A  et  done  de  T  sous  l'influence  de  l'dtat  de  besoin  et  de  la  quantity  d'in- 
formation  a  traiter  represents  ur.  mdcanisme  d'autordgulation  adapta.tive.  La  decroissance  de  la  valeur 
selective  peut  apparaitre  parado..ale  ;  en  rdalite,  dans  les  1  unites  normales,  ellc  est  aussi  adaptati- 
ve  :  une  localisation  crop  i;  -ortanto  lorsque  le  probleme  a  resoudro  atteint  une  certai,  o  complexity, 
aboutit  4  se  pnver  d'ir formations  qui  po-  Talent  6trc  pertinentes.  C’ost  sculenent  dans  les  -  iditions 
extremes  quo  le  ph6nomene  devient  genant. 

Pour  figu  »r  les  rotations  existant  entre  S.B.M  et  A  d'unc  part,  A  et  T.F  d'autre  part,  on  a  choisi 
-ne  fonction  exponentielle.  Cel'e-ci  outre  son  caractOre  trfis  general  dans  les  systemes  vivants  prdsen- 
te  i 1 interet  de  rendre  compte  de  la  rapidity  d'evoluticn  vers  une  valeur  maximale. 

La  capacity  de  traitement  T  qui  correspond  4  1' information  traitahlc  dans  chaquc  unity  de  temps  peut 
s'yenre  :  0 

T  =  T  (1  —  e  ) 

MAX  ' 

-  9ui  repryseute  la  quantity  maxiraalo  traitablo  est  un  paramdtre  propra  a  1‘individu.  Cost  un  des 
aspes.  re  1' apt' 'ado 

-  •?  i-.daqu'.!  )a  rapidity  4  laqucile  T  croit  lorsque  l'activatlon  augrento,  c '  ast  une  valeur  ygalement  pro- 
pre  aux  mdividus. 

Le  valeur  de  filtrage,  »»«  plutot  de  sa  ryclproque  se  tiaOait  par  la  quantity  d'information  non  perti- 
r.er.te  (B! ,  non  filtryo  :  nous  la  nommns  information  rysiduelle  (R)  . 

R-  ?  (1~fmax>  °  - 


-  variant  de  un  A  l'lnfini  donno  la  valvar  raaximale  du  filtrage  quo  l'on  pout  oscompter  d'un  sujet 

donnA  et  est  le  paramAtre  qui  rend  compile  de  la  dAgradation  du  f<  'tro  on  fonction  du  niveau  d’acti- 
vation. 

Ce  niveau  d1  activation  A  obAit  au  ci3me  type  de  function  : 

.  »  -  «  (s  +  B  +  M) . 

A  “  Vx  “  ~  e  > 

*MAX  corre<5P°n<J  4  1' activation  maximale  qui  peut.  presenter  le  sujet  dans  son  Atat  actuel  (sommeil, 
drogue,  fatigue),  o(  est  un  paramAtre  de  rAactivitA  A  1 'accroissenent  de  la  quantity  d*information  S,  B 
et  de  la  motivation  M. 

Confronts  A  chaque  instant  avec  une  quantity  globule  d'infornation  (S,  B)  ,  prAsontant  certaines  carae- 
tArlstiques  personnelles  de  base  (T^x  F^x>  et  d'Atat  (Amax  m  0  f )  i  le  suget  no  va  pouvoir  en  traitor 
qu'une  partie  reduite  qui  correspond  A  la  difference  existant  entre  sa  capacity  T  et  l'information  rAsi- 
duelle  non  traitde  R. 


S  +  B  +  M 


Cette  diffArence  que  nous  nommerons  capacitA  utile  U  *  T  -  R,  conditionno  1’efficacitA  de  l’attentica 
Plus  sa  valeir  tera  grande,  plus  d' informations  pourront  6tre  traitAes.  Dans  le  cas  d'une  tSche  cO  ies 
signaux  sont  discontinus,,  ils  se  surajoutent  au  bruit  de  fond  non  pertinent  et  risquent  surtout,  s' (Is 
sont  de  durAe  breve,  de  ne  pas  etre  traitAs  et  done  pergus. 

La  simulation  de  1 'Aquation  complete  va  nous  pormettre  d’estimer  la  valour  du  modAlc.  Nous  discute- 
rons  successivement  l'inf.  .ce  des  caractAristiquer  de  l'information  pertinento  de  1 'environnement,  des 
variables  de  personnalitA  c.  de  leurs  effets  conjoints. 

Tout  ce  qui  va  accroltre  l'information  contenue  dans  S  va  se  traduirr  par  un  accroissomer"  ce  n  : 
ainsi,  la  complexite,  le  caractAre  de  nouveautA  et  la  frAquence. 

Inversemont,  la  repetition  monotone,  la  siraplicite,  tous  facteurs  qui  se  developpont  avec  la  prolon¬ 
gation  de  la  tache  s  raduiront  par  une  diminution  de  1 ’acti vation.  II  en  est  de  meme  u e  la  motivation 
et  des  stimuli  pertinents  ou  non,  S,  B  ec  M  ayant  le  memo  effet  pouvant  se  conpenser  mut uel lement. 

L'activation  rAsultante  sera  fonction  des  paranetres  A>^x  et  I  an  sugot  privA  de  sommeil  ne  pour- 
re  atteindre  un  niveau  i  'Aveil  aussi  Aleve  qu'un  sujet  reposA.  I.es  valours  des  different.'  paramAtres 
dAfinissent  les  propriAtAs  de  la  courbo  d'ef f icacitA.  Pour  des  va)  urs  croissantes  de  1  'a.-tivat ion,  II 
tend  vers  une  valour  asymptotique  T-^x  —  B  (1  -  F^AX^ ■ 

Si  cette  valeur  out  negative,  la  tache  ne  peut  etre  effeCtuAe,  le  bruit  non  filtrA  afferent  etant 
supAneur  a  la  capicitA  de  traiteraent.  Pour  0  =  Hf  ,  la  courbo  est  crmssar.te  A  accAlA*-;!  ion  nAgative. 

Pour  0  >  H ,  on  a  une  courbe  qui  passe  par  un  maximum  qui  correspond  au  niveau  d'activation  le  plus  fa¬ 
vorable.  Au  dcla  et  on  dega,  les  performances  sont  moms  bonnes.  Pour  une  tSche  simple,  ce  maximum  rc- 
quiArera  un  olus  haut  niveau  do  motivation  que  pour  une  tAcho  complexe  qui  pourra,  a  son  tour,  so  dote- 
r.orer  si  cotte  motivation  est  trop  intense.  I,c  "bruit"  qui  auumente  !  'activation  a  un  effet  plus  com¬ 
plexe  puisqu'il  doit  etre  filtro,  la  aussi,  on  pout  observer  que  pour  des  mveaux  de  complexite  fnibles 
pour  la  tache  et  une  faible  motivation,  ll  pout  exerror  un  effet  favorable. 
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Le  paramAtre  Fj^x  <jui  correspond  A  l'aptitude  joue  lui  aussi  un  rSle  trAs  important.  Plus  sa  valeur 
eat  grande,  meilleure  est  1'efficacitA  en  presence  de  stimuli  non  pertinents,  et  plus  l'optimum  d'acti- 
vati  i  se  dAplace  vers  des  valeurs  AlevAes.  Elle  serait  une  des  conditions  de  la  fiabilitA  de  1'opAra- 
teur  et  pourrait  correspondre  A  la  dimension  introversion  d'EYSENCK. 

Ce  rapide  survol  des  prapriAtAs  du  modSle  permet  de  voir  qu’il  rend  comp^e  d'un  assez  grand  ncmbre 
de  £aits  concernant  1* influence  de  la  tAche,  de  1* ambiance  et  des  facteurs  de  personnalitA.  II  ne  doit 
toutefois  pas  Atre  considArA  cosine  possAdant  une  valeur  explicative,  mais  plutdt  comme  un  racyen  descrip- 
tif  utile  pour  cerner  les  facteurs  importants  ;  quantitA  d' information  Activation  et  Filtrage. 

Nous  n'avons  pas  abordA  le  problAme  des  stratAgies  des  sujets  qui  jouent  un  r61e  Agalement  trAs  im¬ 
portant  dans  1'efficacitA.  Nous  avons  vu,  que  pour  une  situation  donnAe  plusieurs  stratAgies  pouvent 
Atre  dlsponibles,  leur  choix  dApend  des  coQts  et  gains  relatifs  A  chacune  d'elles.  MORAY  considAre  qu' 
une  part  non  nAgligeable  de  la  capacitA  de  traitement  est  occupAe  par  les  programmes  eux-mAmes.  Un  opti¬ 
mum  doit  done  Atre  trouvA  qui  concilie  Aconomie  de  donnAes  A  traiter  et  loerdeur  du  programme  qui  la 
permet,  l'un  et  l'autre  variant  souvent  en  sen3  inverse. 


CONCLUSION. 

La  vigilance  ccnsidArAe  corame  Atat  de  disponibilitA  A  la  rAponse  et  1 'attention  comme  la  capacitA 
A  traiter  et  i'Otrer  1‘information  apparaissent  intioement  liAes,  elles  sont  l’une  et  l’autre  les  deux 
asp*.-  ts  de  aa  dualitA  psychologiqu!  et  physiologique  de  l'homme. 

Elies  recouvrent  en  rA-litA  trois  pre  ;essus  distincts  s  l'activation,  la  capacitA  de  traitement  et 
I'aptitude  au  filtrage,  qui  rendent  compte  d'effets  parfois  paradoxaux  de  la  facilitation  ou  de  dAgra- 
dation  de  1' attention. 

Sur  le  plan  pratique,  quatre  types  de  solutions  sont  envisageables  pour  Aviter  la  dAtArioiation  di 
ces  processus  : 

a)  La  voie  ergonomique  consiste  A  amAnager  les  signaux  ct  I’environneraent  de  1’opArateur  atin  de  le 
situer  vers  son  optimum  d' activation 

b)  la  voie  psychotochnique  chercherait  A  dAtecter  les  sujets  les  plus  apter.  Nous  avons  vu  la  difficul- 
tA  qu'il  y  avait  A  dAfinir  une  aptitude  A  l'attention,  il  semblerait  plus  intAressant  de  s’orientcr 
vers  les  aspects  sAlectifs  centrAs  sur  les  processus  de  filtrage  i  il  est  possible  que  sur  ce  point 
les  mesures  physiologiques  soient  utilisables 

c)  La  voie  puychologique  consisterait  A  optimiser  la  motivation  des  aujets,  en  fonction  du  type  de  tS- 
che.  Un  travail  A  faible  charge  nAcessitant  un  plus  haut  niveau  de  motivation,  on  Congo it  1‘utilitA 
d'ir.fonner  d'autant  plus  les  exAcutants  de  1' importance  de  leurs  actes  quo  ceux-ci  apparaissent 
inintAressants 

d!  Lnfin,  la  voie  phaimacologique  feralt  anpel  aux  aides  chimiques  susceptibles  d'agir  sur  les  trois 
grands  systAmes  :  catecholaminergique,  serotoniergique  et  cholinorgique,  qui  seront  abordAs  au 
cours  de  la  prochaine  journAe. 
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P  I  SUMMARY 

r§  £  —  '  ■  — 

1  | 

¥  8  The  relations  between  vigilance  and  attention  are  considered  using  computer  analyses  'and  psychological 

|  I  and  physiological  techniques.  After  considering  the  different  types  of  available  Matures,  the  factors 

j§  r  influencing  attention  are  reviewed.  The  characteristics  of  signals,  the  environmental  conditions,  the 

|  |  individual  features  and  the  possible  interactions  between  these  factors  are  then  considered. 

Jr  a 

3 

IS 

0  I 

|  |  The  various  theories  are  reviewed  and  followed  by  a  proposed  mathematical  model  which  integrates 

i  £  activation,  the  use  of  processing  ability  and  filtering,  taking  into  consideration  the  data  relative  to  the 

1  |  environment  and  to  motivation. 

yc  4> 

| 

f  l  In  conclusion,  different  methods  are  envisaged  from  ergonomical,  psychological  and  pharmacological. 

U  1  directions. 

§ 

i.  X  1  -  INTRODUCTION 

£  ! 

5 

P 

1  f  Most  studies  on  vigilance  relate  to  the  alternation  of  sleep  and  wakefulness.  This  is  shown  by 

|  numerous  papers  which  have  been  or  will  be  presented  in  the  course  of  these  lectures.  New,  man  distributes 

S  his  time  between  sleep,  rest  and  work.  It  is  this  third  point  which  we  will  consider  here.  Indeed,  simply 

$  •  staying  awake  is  not  sufficient  to  be  effective.  The  attention  required  to  perform  tasks  needs  more  than 

|  *  simple  wakefulness.  In  effect,  technological  progress  has  modified  man’s  relations  with  the  tools  he  uses. 

|  Let  us  recall  the  principal  historical  background  which  will  help  us  understand  the  increasing  role  played 

f  by  the  highest  mental  functions,  to  the  detriment  of  purely  physical  aspects.  The  most  obvious  fact  is  that 

i  v  the  increased  efficiency,  both  on  a  qualitative  and  quantitative  level,  is  accompanied  by  a  greater  distance 

v  between  the  task  and  the  person  who  performs  its 

1 

% 

-I 

3 

3 

:? 

-  The  use  of  instruments  is  a  lengthening  of  the  action  itself.  It  is  its  dual,  and  the  consequences 

I  of  the  action  are  immediately  perceptible.  In  cybernetic  terms,  the  feed-beck  loop  environment  ■*  task  ■* 

modification  of  environment  is  obvious. 

j 

1 

i  '■  -  The  use  o..’  energy  from  external  sources  has  not  fundamentally  modified  this  relationship.  It  is  essen- 

i  tially  a  question  of  increasing  power  applied  to  the  control,  the  management  of  which  is  directly  understood, 

|  and  of  the  same  order  of  complexity  as  the  human  motor  system.  The  use  of  a  motor-driven  lathe  does  not 

differ  fundamentally  from  a  potter's  wheel,  similarly  for  aiming  with  a  firearm  or  with  a  cross-bow. 

1 

?! 

=: 

1 

• 

f  -  The  first  break throuqh  occurred  with  the  introduction  of  the  concept  of  an  actuator:  that  is  of  systems 

<  which  allow  the  indirect  control  of  energy.  Thus,  a  sluice  is  a  direct  drive:  the  fly-wheel  being  situated 

1  at  the  point  of  application.  An  electrosluice  can  be  operated  from  a  distance  with  any  device,  circuit- 

t  breaker,  push-button  or  potentiometer.  The  control  logic  is  no  longer  immediately  perceptible. 

■ri: 

1 

2 

a 

ji 

1  Parallel  to  these  actuators,  one  has  seen  the  appearance  of  indirect  methods  of  information  allowing 

|  man  to  know  the  state  of  his  machine.  Direct  view  of  the  process  is  replaced  by  information  coming  from 

I  another  machine,  speed  by  the  movement  of  a  needle,  pressure  by  length,  and  the  presence  of  an  airplane  by 

I  a  luninous  spot,  etc.  The  role  of  man  is  to  perceive  these  signals  and  to  act  upon  them,  both  of  these 

;  being  arbitrary. 

j 

s  -  The  next  stage  is  that  of  servo-control  which  consists  in  by-passing  man  by  directly  feeding  the  infor- 

|  mation  from  the  machine  into  the  actuators.  This  is  the  classical  negative  feed-back  loop  which  relieves 

t  man  of  simple  surveillance  tasks.  The  rotational  velocity  of  a  motor  is  constantly  maintained  despite  the 

quantity  of  work  supplied,  the  gun  airms  itself  automatically  towards  the  target  ...  Kan,  wl_i  was  already 
free  of  physical  effort,  is  now  theoretically  free  of  routine  control.  He  is  left  to  look  after  the  running 
|  of  the  regulation  systems  themselves  and  to  take  decisions  for  substitutions,  or  for  eventual  modifications 

s  {  of  function  strategy. 

I 

i 

A 

'■ 

g 

t  -  The  last  stage  is  that  of  computer  control  where  devices  are  capable  of  controlling  activities  which  up 
;  til  now  have  been  reserved  for  the  most  intellectual  functions,  such  as  complex  calculations,  solution  of 
%  problems,  etc. 

It  appears  that  at  this  level  human  intervention  is  superfluous  and  that  the  machine  is  sufficient  in 

I  itself  for  ens'-rxi^  Doth  its  running  and  its  regulation.  Indeed  it  is  more  reliable,  untiring,  more  pre- 

|  \  cise,  more  ra-,,id  in  its  responses  and  is  capable  of  treating  numerous  data  almost  simultaneously. 

J 

fi  ;  However,  in  some  instances,  the  efficiency  of  man  remains  superior  to  that  of  the  machine,  at  least  in 

|  |  the  present  state  of  the  art.  Such  is  the  case  with  aptitude  in  recognizing  form  amongst  irrelevant 

b  1  information  .nd  with  the  ability  to  make  decisions  in  the  absence  of  all  the  information.  In  both  cases, 

|  1  reliability  ic  not  complete,  but  a  probably  correct  response  is  better  than  no  response  at  all. 

3 
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There  is,  therefore,  a  sort  of  paradox.  It  would  seem  at  first  glance  that  man's  role  is  reducing, 
and  yet,  the  more  the  machines  are  substituted  for  him,  the  more  serious  are  the  consequences  of 
dysfunction  because  of  the  increasing  complexity  of  systems  and  of  the  energies  energies  used.  Han 
finds  himself,  therefore,  having  only  rarely  to  exercise  capabilities  which  involve  the  most  elaborate  pro¬ 
cesses  of  his  psyche,  and  with  consequences  which  can  be  catastrophic.  It  is  thus  necessary  that  he  should 
be  capable  at  any  time  of  a  high  level  of  performance  which  he  may  never  never  have  to  use. 

Let  us  add  that  these  activities  can  take  place  under  conditions  far  removed  from  normal.  Technological 
devices  free  man  from  some  activities,  but  create  or  allow  harmful  effects:  noises,  thermal  environments, 
vibrations,  chemical  pollution,  shift  work. 

2  -  THEORETICAL  NOTIONS 


The  problem  of  attention  can  be  approached  according  to  three  complementary  points  of  view. 

Firstly,  it  is  a  subject  for  information  processing,  secondly  for  psychological  concepts  for 
behavioural  analysis,  and  lastly  it  is  physiologically  based. 

2.1  -  Informational  Approach 

We  have  seen  the  rise,  during  the  last  several  years,  of  numerous  models  which  take  into  account  the 
processes  by  which  man  treats  information.  They  can  be  classified  into  two  categories:  one  structural, 
prompted  by  the  information  model  and  based  on  flow  diagrams  of  processes:  the  other  is  functional,  based 
on  the  general  properties  of  these  processes. 

2.11  -  Structural  model 

This  hinges  on  a  plan  which  characterises  several  connected  stages:  to  the  acquisition  of  infor¬ 
mation,  its  short  and  long-term  storage,  its  processing  and  finally  carrying  out  the  response. 

a)  Acquisition  of  information  comprises  several  stages: 

Sensory  coding:  transformation  of  the  input  energy  into  a  structurally  organized  nerve 
impulse 

Immediate  sensory  memory  which  is  a  very  unstable  retention  of  the  code 
Extraction  of  pertinent  information 

Identification  by  comparison  with  the  contents  of  a  "glossary"  contained  in  the  long¬ 
term  memory 

Wasting  which  consists  of  attributing  a  verbal  code  or  not  to  them. 

b)  Storage  comprises  two  aspects: 

The  first  consists  of  storage  of  information.  It  takes  place  in  two  successive  phases:  short-term 
memory  is  of  limited  duration  of  a  few  seconds;  it  world  be  supported  by  a  retention  of  the  patterns  of 
nerve  excitation  which  correspond  to  the  code  seen  previously.  Following  this  would  be  long-term  storage 
which  calls  for  the  intervention  of  biochemical  processes. 

This  accumulation  period  is  followed  by  that  of  recall  which  implies  a  search  for  the  relevant  stored 
information  amongst  the  rest,  is  a  problem  of  memory  arrangement.  The  memory  is  organized  according  to  two 
criteria:  one  of  thes  semantic  or  conceptual;  the  other,  perceptive.  The  first  calls  for  the  use  of  sensory 
analogies;  the  second,  for  the  analogies  of  form. 

c)  Treatment 


This  can  be  understood  as  a  programme  combining  elementary  processing  with  a  view  to  transforming  the 
stored  information. 

The  elementary  processes  are  of  the  logical  type  (union,  intersection,  negation,  coming  onto  even  more 
complex  levels  of  classifications;  seriation,  implication,  etc)  or  arithmetics  which  are  derivative;  of  it 
(Piaget).  The  sequence  of  these  processes  represents  a  programne  the  aim  of  which  is  to  reduce  t)v. 
quantity  of  afferent  information. 

One  of  the  characteristics  of  the  behaviour  of  organisms  is  that  with  the  presence  of  the  same  arrange¬ 
ment  of  stimuli,  several  problem  solving  programnes  are  possible.  It  is  therefore  necessary  to 
make  a  choice,  taking  into  account  both  the  cost  of  the  treatment  and  the  anticipated  benefit.  This 
decision  making  plays  a  primordial  role;  it  allows  in  fact  the  modification  of  strategies  as  a  function  of 
the  possible  fluctuations  in  the  environment  and  of  the  instant  possibilities  of  the  individual. 

d)  Execution 


Once  the  decision  has  been  made,  the  plan  of  action  ,is  transformed  into  verbal  or  non-verbal  pro- 
granmes.  Two  consequences  result  on  one  hand,  a  modification  of  the  external  environment,  on  the  other, 
internal  information,  both  of  which  constitute  a  new  arrangement  of  related  data  to  be  dealt  with.  One  can 
imagine  that  by  virtue  of  this  looping,  mor.  and  more  effective  operations  are  are  carried  out  at  all  levels 
and  here  perceptive  intellectual  and  motor  training  are  seen  to  be  sustained. 

2.12  -  Functional  modal 

To  this  discrete  vision  of  the  progression  of  operations  which  grossly  reproduces  the  plan  input  h 
black  bo.:  -*•  output,  cne  can  contrast  a  one  can  contrast  a  wider  approach  covering,  not  the  processes,  but 
the  more  general  characteristics  which  influence  their  execution. 

a)  Processing  Capacity 


This  capacity  represents  the  qualitative  aspect;  which  for  neither  man  nor  machine  is  infinite.  This 


limitation  is  prsssnt  at  every  level,  whether  it  is  concerned  with  sensory  memory  or  with  the  number  of 
proposals  which  it  can  deal  with. 


The  processing  capability  is  very  weak  in  relation  to  the  cosiplexity  of  the  afferent  information;  the 
latter  must  therefore  be  fragmented  into  sub-groups  which,  once  treated,  themselves  constitute  elements  to 
be  sequentially  recombined.  According  to  the  past  experience  of  subjects,  certain  data  can  be  considered 
as  pre-treated.  Subjective  complexity  is  therefore  always  weaker  than  objective  complexity. 

Two  complementary  properties  allow  this  sequential  progression,  filtering  and  strategies. 

b)  Filtering 

This  will  consist  of  separating  from  all  the  afferents  the  sub-groups  considered  useful  by  eliminating 
irrelevant  information.  This  filtering  is  necessary  at  all  levels. 

-  Directing  the  sense  organs  towards  useful  advantage,  which  will  be  put  into  the  sensory  memory 

-  Choice  of  distinctive  features  to  be  retained  and  others  to  be  excluded 

-  Valuation  of  data  stored  in  the  long-term  memory  which  will  allow  the  identification  and  execution 
of  processes. 

c)  Strategies 

These  are  sub-programmes  of  elementary  operations  which  one  also  finds  at  the  perceptual  level  (visual 
exploration,  search  in  the  identification  glossary) ,  at  the  level  of  treatment  (solution  mode  of  logical 
problems)  aid  of  execution  (gestual  sequences) .  It  seems  that  these  strategies  can  be  classified  into  two 
groups: 

-  Oue  is  of  the  analytical  sequential  type  and  corresponds  to  rational  thought  supported  by  language, 

-  The  other  is  of  the  simultaneous  constructive  type  and  would  be  more  connected  to  overall  spatial 
comprehension. 

d)  Decision 

This  is  made  necessary  by  the  multiplicity  of  possible  strategies.  At  the  global  level,  the  existence 
of  two  modes  of  comprehension  mentioned  above  implies  either  a  choice  or  dynamics  which  alternate,  with  the 
eventual  predominance  of  one  over  the  other.  Decisions  intervene  at  all  stages  of  mental  activity;  at  the 
most  elementary  level,  the  absolute  threshold  of  a  sensation  depends  on  a  decision,  the  same  goes  for  choices 
of  the  method  of  exploration  and  of  relevant  Characteristics,  and  finally,  to  the  problaa  solving  mode  and 
of  acts  to  be  carried  out. 

Two  rational  factors  determine  the  choices:  one  is  related  to  the  distribution  of  information  (subjec¬ 
tive  probabilities)  and  the  other  is  related  to  the  value  which  is  given  to  information,  its  product 
represents  the  anticipated  gain.  At  other  times,  the  decision  relates  to  more  or  less  conscious  stereotypes, 
conditioned  by  mental  habits,  socio- cultural  or  affective  factors. 

2.2  -  Experimental  Approach 

Studies  on  attention  principally  treat  two  aspects  of  attention  which  partially  cover  the  functional 
aspects  considered  in  the  preceding  paragraph. 

2.21  -  The  quantitative  aspect  covers  the  notion  of  processing  capacity.  As  early  as  1871,  Jarvis 
remarked  that  in  a  very  short  time-space,  it  is  possible  to  count  objects  if  their  number  is  less  than  7. 
Various  studies  made  in  this  field  are  fairly  consistent:  6.9  letters  for  Glanville  and  Dallenbach  (1929) , 

8  objects  by  Woodworth  and  Schlosberg  (1954) .  In  1958,  Miller,  concluding  that  this  capability  limited  the 
exercise  of  numerous  processes  at  the  levels  of  perception,  mnemonics,  absolute  judgment,  etc,  made  the 
hypothesis  that  the  nusfeer  7  (plus  or  minus  2)  fixed  the  possible  limit  of  Information  processing  by  man. 

It  is  useful  to  note  that  this  value  concerns  information  treated  as  units.  If,  in  effect,  one  cm  treat 
only  7  letters  or  7  figures,  it  is  possible  to  learn  the  same  quantity  of  words  or  of  significant  numbers, 
representing  a  greater  number  of  elements  taken  separately.  In  this  case,  redundant  information  is  con¬ 
densed  into  1  only.  Here  one  finds  the  difference  between  objective  and  subjective  information,  the  latter 
being  conditioned  by  the  experience  of  regroupings  already  effected  by  the  subject.  It  is  definitely  not 
the  number  of  objects  but  the  quantity  of  information  they  represent  for  the  observer  which  constitutes  the 
important  variable. 

Besides  the  notion  of  quantity  of  information  which  can  be  handled  in  one  unique  operation,  one  must 
take  into  account  the  duration  required  to  treat  it.  Originally,  lirited  to  simple  problems  of  reaction 
time  (Do riders,  1868) ,  this  research  was  based  on  information  theory  and  since  1952  Hick  showed  that  for  a 
learned  task,  the  function  which  related  the  number  of  signals  to  be  treated  to  the  response  time  was  of  a 
logarithmic  form.  In  1967  Welford  compared  the  functioning  of  the  human  operator  to  that  of  a  computer 
obeying  a  sequential  prograve  where  for  every  step  requiring  an  interval  of  the  order  of  loo  milliseconds, 
only  a  limited  quantity  can  be  treated:  this  is  the  single  channel  theory.  Within  the  framework  of  this 
model,  one  understands  the  relation  between  data  complexity  and  resolution  time.  The  problem  must  be  frag¬ 
mented  and  each  section  treated  separately,  then,  once  condensed,  recolsted  with  the  others.  The  separation 
may  be  more  or  less  effective,  the  ideal  being  a  partition:  but  this  is  possibly  only  if  an  effective 
selection  of  information  occurs. 

2.22  -  Data  selection 

As  early  as  1904,  Kulpe  showed  that  during  the  tachystoscopic  presentation  of  figures,  the 
elements  onto  which  the  subjects'  attention  had  been  oriented  were  better  discerned  than  the  others. 

Neisser,  in  1962,  distinguished  two  aspects:  preattentive  control  and  focal  attention.  The  first  is 
very  early  and  would  filter  information  from  the  moment  of  acquisition.  On  the  other  hand,  attention  would 
depend  on  later  more  ir  -grated  processes.  The  same  distinction  is  made  by  ftroadbent  (1971)  vho  compared 
selection  based  on  the  objective  properties  of  stimuli  (stimulus-set)  to  that  vhich  implements  iheir 
significance  (response-set). 


Recently,  Keren  (1978)  substituted  •  continuum  for  these  dichotomies:  the  two  aspects  would  act 
simultaneously  and  alone,  their  proportion  would  differ  according  to  the  situation.  The  structuralist 
model  led  to  questions  concerning  the  site  of  filtering.  Was  it  pre- perceptive,  mnemonic,  conceptual, 
verbal?  Interesting  as  these  discussions  may  be,  they  are  not  directly  related  to  our  subject.  Although 
Norman  (1969)  denied  the  usefulness  of  filter  intervention,  it  seems  that  the  concept  is  relevant.  It 
appears  in  a  publication  by  Broadbent  (19S8)  in  the  form  of  a  device  acting  by'  an  all-or-nothing  mode:  the 
relevant  information  is  retained,  the  rest  blocked.  As  this  model  does  not  explain  the  awareness  of  unused 
information,  Treisman  (1960)  proposed  a  more  flexible  model  which  brings  in  an  attenuator:  non-relevant 
information  is  no  longer  eliminated  but  weakened.  This  weakened  information  would  then  be  taken  into 
account  as  a  function  of  the  needs  required  to  treat  the  information.  Self  ridge  (1960)  was  able  to  show  that 
the  important  characteristics  of  a  stimulus  one  was  trying  to  detect  were  essentially  negative.  One 
recognizes  information  more  quickly  by  what  it  is  not,  than  by  what  it  is. 

This  hierarchical  character  of  attention  processes  is  confirmed  by  studies  concerned  with  the  charac¬ 
teristics  of  the  stimuli  which  are  most  difficult  to  filter  (Hines,  1978) .  These  are  essentially  similarity 
to  relevant  stimuli,  physical  as  well  as  semantic,  and  unexpected  unreliable  characteristics. 

The  first  characteristic  cl.  be  explained  by  the  need  to  implement  higher  hierarchical  levels  because 
of  the  smaller  nusber  of  negative  characters,  and  the  second  corresponds  to  a  phenomenon  of  alarm  and 
disinhibition  which  will  be  dealt  with  at  the  end  of  this  article. 

A  last  point  must  be  considered  concerning  filtering:  its  dynamic  aspect:  that  is,  the  possibility  of 
passing  from  one  point  of  localization  to  another.  This  mobility  conditions  all  the  strategy  processes. 

The  minimum  duration  of  change  is  of  the  order  of  80  milliseconds  (Welford,  1967) . 

2.3  -  Physiological  Approach 

He  will  pass  rapidly  over  this  point  which  to  a  great  extent  is  developed  elsewhere.  Only  information 
useful  to  further  discussions  will  be  retained.  It  was  in  1949  that  Magoun  and  Moruzzi  described  the 
important  role  of  the  reticular  formation  of  the  brain  stem.  This  structure  receives,  in  an  undifferen¬ 
tiated  manner,  all  the  information  which  reaches  the  nervous  system,  and  exerts  an  excitational  action  upon 
all  cortical  functions.  In  animals  its  destruction  makes  them  incapable  of  integrating  sensory  input 
although  these  do  reach  the  cortex:  conversely,  its  excitation  creates  an  arousal  phenomenon  in  a  sleeping 
animal.  Its  function  is,  therefore,  that  of  a  non-specific  centre  of  diffuse  attention.  Later,  in  1957, 
Hugelin  and  Bonvalet  described  a  structure  located  in  the  thalamic  region,  the  excitation  of  which  results 
in  the  selective  activation  of  cortical  areas  by  surrounding  them  by  an  inhibitory  area.  This  structure, 
hierarchically  superior  to  the  preceding  one,  corresponds  to  a  more  differentiated  function.  Soulairac 
(1978)  added  to  these  two  aspects,  which  he  called  basic  vigilance  and  focalized  vigilance,  a  third  aspect 
which  he  called  effective  vigilance  whose  anatomical  support  would  he  the  rhinencephalic  reeion  responding  to 
the  primitive  cortex.  This  anatomical  approach  had  to  be  complemented  by  biochemical  data.  Basic  vigilance 
would  depend  on  adrenergic  transmitters  who  anatomical  distribution  covers  the  reticular  mesencephalic 
system,  certain  hypothalamic  structures  and  the  amygdaloid  structures  of  the  rhinencephalon.  Focal ised 
vigilance  would  bring  into  play  the  cholinergic  system  whit*  combines  the  reticular  thalamic  formations 
and  their  projections  in  both  directions  to  the  cerebral  cortex.  Finally,  affective  vigilance  seems  to  be 
dependent  both  on  the  cholinergic  system  and  on  the  modulating  effect  of  the  serotoninergic  mediators. 

This  brief  susmary  allows  us  to  recall  the  distinction  between  the  global  and  focalized  aspects  and  to 
emphasize  the  affective  factors  of  vigilance  as  well  as  the  longitudinal  aspect  of  these  different  functions 
which  are  not  localized  in  one  place  but  act  as  interconnected  systems.  These  different  levels  constitute 
the  conditions  of  attention.  In  man,  where  cortical  functions  predominate,  it  is  exercised  by  virtue  of 
the  implementation  of  more  elaborated  structures  and  notably  the  prefrontal  area,  which  would  condition 
strategies  as  a  function  of  affective  needs.  Pribram  shoved  the  role  which  this  could  play  as  a  detector  of 
change. 

3  -  MEASURE  OF  ATTENTION 

Two  approaches  are  possible: 

The  first  calls  for  direct  observation  of  performance  implying  certain  levels  of  attention.  It  may  be 
a  matter  of  carrying  out  a  real  task  or  more  often  standardized  trials  or  tests.  This  psychometric  approach 
can,  in  turn,  be  applied  to  attention  as  the  characteristic  stable  aptitude  of  an  individual,  or  to  its 
fluctuations. 

The  second  Is  indirect  and  principally  concerns  the  physiological  parameters  which  accompany  attention. 

3.1  -  Measures  of  Performance 

He  will  pay  little  attention  to  performance  in  real  situations,  owing  to  poor  measurements-  only 
estimations  of  speed  and  of  mistakes  or  difficulties  are  indeed  available. 

a)  Attention  -  Aptitude 

The  importance  of  attention  in  the  rapid  execution  of  tasks  quickly  led  psychologists  to  construct 
psychooetr’  .  tests  intended  to  measure  attention,  often  with  the  aim  of  selection  or  of  professional 
orientation. 


Attention  is  here  viewed  in  its  static  aspect  and  considered  as  an  aptitude.  The  model  test  is  rep¬ 
resented  by  blocking  tests,  the  prototype  of  which  is  that  of  Pleron.  It  consists  of  detecting  within  a 
group  of  graphic  signs  those  which  correspond  to  a  given  model.  The  form  of  attention  assessed  here  is 
localization  and  more  particularly  resistance  to  distraction.  The  measurement  of  simple  reaction  time  also 
constitutes  a  men  .ere  of  the  aptitude  to  be  ready  to  respond  to  a  stimulus.  Other  tests  were  quickly  added 
to  these  simple  ones,  tests  in  which  a  choice  had  to  be  made  between  stimuli  and  responses.  To  remind 
ourselves  we  may  quote  choice  reaction  time,  diffused  attention  tests.  These  tests  were  recently  reviewed 
by  Sremond  (1978) .  There  tests  are  concerned  with  the  mobility  of  filtering  processes  and  with  the  spa'n  of 
attention.  Finally,  one  must  remember  that  attention  is  the  necessary  condition  for  the  execution  of  all 
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tasks,  «nd  therefore  of  all  tests  to  the  extent  that  familiarity  does  not  sake  it  an  autoawtic  response. 
Every  test  can  thus  be  considered  as  a  test  of  vigilance:  in  particular  tests  of  ixmedlate  memory,  those 
which  implement  new  strategies  to  be  discovered,  and  principally  techniques  which  use  non-verbal  material. 
All  of  these  tests  are  used  by  psychcmetricians  for  diagnosing  mental  deterioration  which  is  a  dimunition  of 
efficiency  connected  to  a  pathological  or  en  ageing  process.  It  is  already  therefore  a  question  of  fluc¬ 
tuations  of  attention. 

b)  Attention  -  State 


During  studies  on  accident  proneness,  S  Pacaud  had  already  noticed  that  variability  in  reaction  time  was 
a  better  predictor  than  their  Bean  value.  In  1931  Bills  also  concluded  that  during  aeasureaents  of  reaction 
tiae,  short  periods  (blocks)  with  abnormally  long  responses  appeared,  caapensated  by  rapid  reactions  which 
masked  the  phenomena  if  only  the  average  was  calculated. 

But  it  was  not  until  the  advent  of  studies  on  surveillance  tasks  during  the  Second  World  War  (Ditchburn, 
1943)  and  their  organization  by  Mackuorth  (1950)  that  the  problea  of  the  development  of  attention  led  to  a 
coherent  series  of  research  studies.  They  arise  froa  the  establishment  of  a  loss  of  efficiency  of  :  mar 
and  Radar  operations  during  the  course  of  prolonged  wakefulness.  These  tasks  are  characterised  by  the 
detection  of  weak,  rare,  unpredictable  signals,  ‘•ackworth  called  them  vigilance  tasks,  a  corruption  of  the 
physiological  term.  The  ts  aim  to  artificially  reproduce  such  situations:  the  first  one  devised  by 
Mackworth  (clock  test)  consisted  of  a  hand  which  jumped  around  a  clock  face,  and  the  signal  to  be  detected 
was  a  double  length  jump.  The  variables  measured  were  latency,  percentage  of  correct  and  erroneous  detec¬ 
tions.  The  combination  of  the  latter  two  allowed  based  on  the  decision  theory  (Sweets  a  Tanner.  1954),  a 
determination  of  two  new  measurements:  the  coefficients  of  discrimination  (d‘ )  which  takes  the  ability  to 
detect  the  signal  into  account,  and  the  criterion  (6)  which  interprets  the  cautious  or  risk-taking  attitude 
of  the  subject  in  signal  detection. 

Among  this  group  of  tests  we  can  also  add  those  concerned  with  aore  easily  detectable  information  which 
occurs  aore  frequently,  but  is  repeated  for  periods  of  about  an  hour.  Tests  of  immediate  memory  of  number 
identity  ere  examples  of  these. 

As  opposed  to  these  simple  tasks,  devices  which  simulate  performance  tasks  with  a  high  informational 
content  have  been  made  such  as  surveillance  of  numerous  screens  or  counters,  tracking  or  alignment  in 
position  or  speed  (Adaas,  1959:  Alluisi,  19£7) .  The  development  of  microprocessors  has  made  the  construc¬ 
tion  of  simple,  light  devices  without  moving  parts  possible  -  signals  being  presented  either  in  the  fora  of 
numbers  of  symbols,  or  in  the  fora  of  display  (LED  or  CLD)  or  on-screen.  For  instance  the  use  of  such 
devices  to  judge  a  driver's  level  of  attention  (Attwood,  D  A,  1975)  and  to  suspend  driving  in  the  presence 
of  lapses  in  attention  has  been  considered.  We  ourselves  have  adapted,  on  a  print-out  calculator  (HP  97), 
a  composite  test  (VIGIL  97)  of  attention  coupling  a  self-adaptive  number  memory  mubtest  to  a  number 
dissimilarity  detection  subtest.  Correction  is  immediate,  and  results  are  given  at  the  end  of  every  four- 
minute  period. 

In  1965  Kalsbeek  proposed  a  technique  for  measuring  subjects'  attention  in  real  situations:  the 
method  of  subsidiary  tasks.  This  consists  of  adding  a  simple  test  to  the  normal  execution  of  work,  and 
measuring  the  change  in  test  performances.  For  this  end,  one  can  use  tests  of  detecting  flashes  occurring 
in  peripheral  vision,  backward  counting,  tiae  estimation,  etc.  These  measurements  give  an  idea  of  the 
quantity  of  residual  attention  available. 

The  use  of  aeasureaents  of  fluctuations  in  attention  implies  a  certain  number  of  methodological  pre¬ 
cautions,  notably  when  used  during  a  real  work  situation.  The  application  of  a  test  constitutes  in  fact  a 
new  stimulus  which  in  itself  constitutes  a  source  of  arousal  for  the  subject  (Brown,  1C77) .  The  measure¬ 
ments  obtained,  therefore,  give  an  estimation  more  of  the  attention  induced  by  the  test  than  that  of  its 
actual  state. 

Amongst  performance  measur aments,  one  section  should  be  reserved  to  subjective  estimates  of  attention 
levels.  Standardized  observation  scales  exist,  but  they  are  especially  oriented  towards  the  ’‘fatigue* 
phenomenon  and  self-scored  questionnaires,  such  as  that  of  Thayer  which  requires  subjects  to  mark  those 
adjectives  which  correspond  to  how  they  feel.  Recently,  Turner  (1977)  was  unable  to  show  a  correlation 
between  this  scale  and  the  objective  performance  tests. 

3.2  -  Psycho physiological  Measurements 

The  parallel  change  of  certain  physiological  parameters  and  attention  allows  them  to  be  used  as 
indicators,  and  this  in  two  ways:  one  quantitative,  the  general  level  of  vigilance,  and  the  other 
qualitative,  selective  attention  (Buscr,  1976) . 

a)  Quantitative  Aspect 

We  well  recognize  the  physiological  characteristics  of  sleep  (Kleitman,  1953) .  Four  stages  which 
correspond  to  deeper  and  deeper  sleep  are  distinguishable,  to  which  Is  added  REM  (Rapid  Eye  Movement'  sleep. 
We  are  interested  here  only  in  the  aspects  which  correspond  to  wakefulness.  During  this  stage,  cardiac 
frequency,  muscle  tone  and  central  temperature  are  higher  than  dur(n*  sleep,  skin  resistance  is  lower,  hut  it 
is  the  electroencephalogram  which  best  reflects  the  diffuse  attention  level  of  the  subject. 


We  know  that,  with  eyes  closed,  the  record  shows  a  rhythm  of  8  to  12  Hertz  with  a  minimal  amplitude  of 
40  microvolts  in  the  parieto-occipital  region:  this  is  cne  classical  alpha  rhythm.  When  attention  becomes 
aore  intense,  one  sees  the  disappearance  of  this  rhythm:  this  is  alpha  blocking.  In  hypervigilance  states, 
one  finds  the  same  flat  record  in  a  continuous  manner.  The  amount  of  alpha  rhythm  can  thus  be  considered 
as  a  measure  r*  lack  of  concentration.  Originally  estimated  by  the  percentage  of  tine  occupied  by  alpha 
(Index  a),  it  can  now  be  determined  with  the  aid  of  more  elaborate  techniques  which  «J!ow  the  calculation  of 
the  relative  amplitudes  of  different  frequencies. 

On  the  basis  of  this  information,  it  was  possible  to  propose  continuous  vigilance  control  systems:  on 
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th«  bull  of  the  EEG  of  pilot*,  of  grip  strength  of  train  drivers,  of  skin  resistance  of  car  drivers,  etc. 

The  problem,  however,  is  not  so  staple;  in  fact,  this  picture  does  not  hold  for  all  subjects,  as  was 
shown  by  Lacey  (1950) .  Moreover,  the  circulatory  systea  aaong  others  has  its  own  regulation  which, 
following  a  rise  in  pressure,  can  result  in  a  paradoxical  bradycardia.  A  waking  EEG  record  can  accoapany  a 
state  of  lack  of  attention,  and  conversely,  we  have  seen  effective  radar  operators  showing  electrical  signs 
of  sleep.  All  these  facta  call  for  the  greatest  caution,  although  these  measurements  are  of  interest  in 
basic  research. 

b)  Focalization  of  Attention 


Most  of  the  measurements  concern  cerebral  evoked  potentials  which  are  the  sequence  of  electrical  events 
recorded  froc  the  scalp  after  the  presentation  of  stimuli.  The  analysis  technique  has  been  available  for 
about  fifteen  years;  it  consists  of  averaging  the  EEG  by  taking  the  stimulus  as  the  origin  for  each  one. 

Thus  a  curve  with  a  certain  number  of  characteristic  peaks  is  obtained.  One  can  roughly  distinguish  the 
early  components  located  less  than  150  Billiseconds  from  the  stimulus  and  the  later  components  after  200 
Billiseconds.  In  1964  Chapman  showed  that  the  aaplitude  of  the  late  phases  of  evoked  potentials  increased 
when  the  attention  was  directed  towards  the  stimulus  and  reciprocally,  the  same  year,  Garcia  Austt  con¬ 
cluded  that  they  decreased  when  the  subject  was  oriented  towards  other  stimuli.  Recent  research  (Schwartz, 
1978)  has  confirmed  this  specificity  of  late  phases,  ana,  aainly,  the  positive  wave  located  at  300  Billi¬ 
seconds  in  the  focalization  of  attention.  It  would  be  sensitive  principally  to  situations  in  which  an 
uncertainty  exists  concerning  the  occurrence  of  stiauli  and  where  the  subject  must  decide  on  the  usefulness 
of  the  information.  Certain  authors  have  showed  that  the  early  phases  could  also  take  focalization  into 
account  (Picton,  1974)  and  would  be  greater  for  expected  than  for  unexpected  signals.  Tbt  evoked  potentials 
can  thus  be  considered  as  phenomena  connected  to  selective  attention;  however,  "they  are  mure  the  result  of 
the  selection  of  a  signal  than  a  sign  of  a  previous  state  conditioning  this  solution"  (Posner,  1975) . 
Furthermore,  they  are  not  only  related  to  the  selective  attention,  but  they  also  change  with  the  overall 
level  of  vigilance  (Defayolle,  1971),  this  being  the  cas«?  for  both  the  early  and  the  late  phase. 

Besides  these  electroencephalographic  aspects,  other  electrophysiological  signs  accompany  the  filtering 
process:  thus,  an  increase  in  ocular  movements  during  visual  tasks  relates  to  scanning  which  is  itself 
conditioned  by  the  selection  of  information.  A  cardiac  par  are  ter  can  also  be  revealing,  as  is  the  cue  of 
the  sinus  arrythaia  described  by  Kalsbeek  (1963) .  He  shewed  that  states  of  focalized  attention  are  often 
accompanied  not  only  by  a  tachycardia  but  also  by  an  increase  in  the  regularity  of  beats.  One  can  also 
observe  a  decrease  in  reapirat_ry  frequency  which  My  Itself  be  the  cause  of  the  phenomenon. 

4  -  FACTORS  IMFLUEMC1HC  ATTEMTlliH 

The  starting-point  for  all  these  research  studies  is  the  demonstration  of  a  decrease  in  detection  per¬ 
formance  when  they  last  for  more  than  45  minutes  (Broadbent) .  This  degradation  was  first  of  all  considered 
in  its  quantitative  aspect,  and  Mackworth,  J  F  (1964)  connected  it  to  the  time  elapsed  by  a  linear  function 
of  the  square  root  of  the  litter,  a  detailed  analysis,  based  on  the  detection  model  of  Sweets  and  Tanner, 
shows  that  this  detsrlozAtir-n  is  not  connected  to  aptitude  in  detecting  the  signal  (d')  but  to  an  increased 
carefulness  in  the  decision-making  (B)  (Broadbent  t  Gregory,  1965) . 

Initially  centred  on  simple  surveillance  tasks,  research  studies  have  been  extended  to  other  aspects: 

-  Repetitive  motor  tasks  (Murrell,  1971) 

-  Tasks  with  s  difficult  mental  load  (Allulsi,  196?) 

-  Psychomotor  tasks  (Bsuty,  l?iS) . 

In  all  cases  the  characteristics  of  the  deterioration  were  identical  with  the  exception  of  one  constant. 
Attention  during  instruction  would  read:  its  maximum  after  15  minutes  and  would  decrease  thereafter  (Stuart 
a  Rutherford,  1978) .  Detection  errors  would  occur  after  90  ainutes  in  drivers  of  high-speed  trains  (Endo  t 
Kogi,  1975) . 

A  certain  number  of  factors  are  likely  to  have  an  influence  on  this  normal  deterioration.  He  will 
classify  then  in  three  categories:  those  related  to  th'  characteristics  of  the  tasks,  those  related  to 
environmental  conditions  and  finally  fact~~s  which  depend  on  the  subjects. 

4.1  -  Characteristics  of  the  Task 

Differences  related  to  4he  sensory  modality  were  not  observed:  visual  and  auditory  tasks  are  identically 
degraded  (Cheney,  1968).  The  more  a  task  is  made  up  of  weak  intensity  signals  (Adam,  1956),  short 
signals  (Baker,  1963),  the  mote  rapidly  it  tends  to  deteriorate.  The  distribution  of  information  also  plays 
an  important  role.  A  weak  frequency  is  accompanied  by  a  greater  degradation  (Deese  t  Ormond,  1953)  and  by  a 
slowing  down  of  responses  (Harts,  1967).  The  iaportant  factor  would  be  the  duration  separating  the 
successive  detections  and  not  the  signals  themselves  (Jenkins,  1958).  Inversely,  Taub  and  Osborne  (1968) 
found  that  the  degradation  is  more  rapid  when  the  total  frequency  of  information  becomes  too  high.  This 
difference  is  only  apparent;  a  certain  optimum  seems  to  exist  to  which  corresponds  a  minimal  degradation 
(Johnston  8  Coll.,  1966).  The  anticipation  of  signals  themselves  also  forms  an  element  which  favours  the 
maintenance  of  performance  (Buckner,  X961).  Finally,  the  complexity  of  the  task  must  be  taken  ir*o  con¬ 
sideration.  The  more  the  nus^ter  of  signal  sources  increases,  the  more  susceptible  it  is  to  degradation 
p-obey,  1963),  although  Gruber  (1963)  did  show  that  the  alternation  of  sensory  modalities  could  have  a 
favourable  effect.  Tasks  implying  a  physical  (pursuit)  or  mental  activity  tend  to  resist  degradation 
better  than  passive  task s. 

It  seems  that  at  the  ievel  of  complexity,  one  finds  a  phenomenon  analogous  to  that  of  the  optisnsn  which 
we  mentioned  above:  t--vks  which  are  too  simple  or  too  complex  are  more  susceptible  when  they  are  prolonged. 

4.2  -  Procedural  Conditions 

In  this  section  factors  not  directly  connected  to  the  task  and  to  the  operator  are  grouped  together: 
environsental  conditions,  psycno-social  environment  and  chronological  factors. 


a)  Environ— ntal  Factor-. 


This  is  concerned  with  the  influence  of  adverse  factors  on  the  execution  of  tasks  involving  a  high 
level  of  attention.  Two  aspects  have  been  especially  studied:  noise  and  temperature.  The  effects  of  noise 
are  equivocal:  numerous  factors  influence  then.  A  high  intensity  {greater  than  95  dB)  tends  to  reduce  per¬ 
formance,  but  absolute  silence  is  equally  unfavourable.  The  nature  of  the  sound  stimulus  is  also  important: 
a  constant  noise  has  less  effect  than  a  noise  with  random  characteristics  {modulation  in  frequency  or  in 
intensity,  presence  of  transients).  The  significance  of  the  sound  signal  is  also  an  important  factor:  we 
have,  in  decreasing  order,  speech,  noise  and  music  (Tarriere  4  Wisner,  1962).  But  these  effects  of  noise 
can  involve  different  effects  according  to  the  variation  of  other  factors.  Therefore  simple  tasks  can  be 
improved  by  adding  sound  stimuli,  while  the  latter  leads  to  the  deterioration  of  a  cooplex  task.  Music 
whi^e  you  work  helps  to  avoid  the  degradation  in  performance  of  repetitive,  unstimulating  work. 

For  temperature,  one  also  sees  an  optirnim:  of  26  degrees.  An  increase  in  external  temperature  to  36° 
or  a  decrease  to  21°  both  lead  to  performance  deficits  (Kackworth,  1950).  For  Wilkinsc.  i  (1964)  the  effects 
of  heat  depend  on  the  type  of  task:  it  degrades  complex  tasks  and  helps  those  of  passive  surveillance.  Heat 
increases  error  detection  and  cold  slows  down  responses  (Mackworth,  1969) . 

The  effects  of  noise  and  of  heat  are  susceptible  to  potentiation.  It  is  thus  that  Papin  (1973)  was 
able  to  show  that  in  a  tracking  task  performances  were  worse  at  34°C:  on  the  other  hand,  although  applied  in 
isolation,  noise  did  not  result  in  degradation,  its  combination  with  heat  brought  about  a  greater 
deterioration.  The  same  remarks  could  be  made  concerning  atmospheric  pressure:  on  either  side  of  normal 
conditions  performance  is  degraded.  When  considering  the  effects  of  environmental  conditions,  one  must  bear 
in  mind  that  they  act  in  two  ways:  on  the  one  hand,  they  act  on  the  general  level  of  activation,  and  on  the 
other  hand,  they  constitute  in  themselves  a  stimulus  which  can  compete  with  the  relevant  information. 

b)  Psycho-social  Factors 


From  the  very  beginning  of  studies  on  surveillance  tasks,  authors  have  been  aware  of  the  significance 
of  subjects'  knowledge  of  their  performance.  This  information  in  fact  notably  delays  the  time  course  of 
performance  deficits  in  the  couse  of  time  (Mackworth,  W  8.  1950).  A  more  detailed  analysis  has  allowed  the 
specification  of  the  characteristics  of  this  feed-back  action. 

Reward  for  a  correct  response  and  punish— nt  for  an  incorrect  one  would  have  the  same  effect  (Bevan, 
1965) i  it  is  better  to  punish  for  an  amission  than  for  false  signal  detection  (Smith,  1967).  Incorrect 
information  on  results  has,  nevertheless,  a  beneficial  effect,  although  to  a  lesser  degree  than  for  correct 
information  (Mackworth,  1964) :  and  verbal  information  is  preferable  to  visual  presentation  (Hardesty,  1963) . 
Finally,  evaluative  judgments  are  more  effective  than  those  which  only  take  account  of  the  quantitative 
aspect  (Hardesty,  1964). 

All  these  facts  explain  the  importance  of  social  reinforce— nts.  The  actual  presence  of  the  observer  is 
not  in  fact  necessary:  Putz  was  able  to  show  the  same  favourable  effect  whether  Oic  observer  is  located  in 
the  seme  roam,  seen  through  a  window,  or  even  on  a  television  screen.  Another  aspect  of  social  facilitation 
is  shown  by  the  s— liest  deterioration  occurring  while  several  operators  are  la  the  same  room  and  can  talk. 

c)  Chronological  Pactors 

These  allow  us  to  effect  change  under  the  influence  of  operator  characteristics.  We  will  be  brief,  for 
this  point  has  been  presented  elsewhere.  We  know  the  inauspicious  Influence  of  hours  in  the  middle  of  the 
night,  the  existence  of  weekly  and  annual  rhythms,  not  forgetting  wo— n's  menstrual  cycle:  the  postovulatory 
period  is  often  characterized  by  problems  of  attention.  The  desynchronization  of  rhythms  after  travelling 
through  ti— -zones  have  been  the  subject  of  numerous  studies  since  long-distance  flights  have  become  co— on: 
they  have  shown  a  greater  deterioration  after  west-east  flights  than  for  those  in  the  opposite  direction. 

4.3  -  Subject-Related  Factors 

There  does  not  seem  to  be  a  correlation  between  the  aptitude  to  carry  out  tasks  requiring  attention  and 
the  intellectual  level.  On  the  other  hand,  high  performance  levels  in  a  task  makes  it  more  resistant  to 
deterioration.  This  Klein  and  Coll.  (1975)  were  able  to  show  that  the  effects  of  ti—  changes  wjre  less  in 
subjects  with  better  performances  and  those  who  were  better  trained.  With  Papin  (1972) ,  we  showed  a 
connection  between  the  intellectual  level  of  subjects  and  their  resistance  to  detrimental  effects  of  noise 
and  of  heat  in  a  tracking  task:  here,  intelligence  probably  acts  at  the  level  of  learning  capacity,  the 
latter  being  in  very  short  experiments. 

As  concerns  personality  variables,  the  British  School  of  Eysenck  looked  for  relations  between  intro  - 
extroversion  and  attention.  Introverts  would  be  characterized  by  a  high  level  of  excitation  of  the  central 
nervous  system  and  would  better  resist  the  decrease  in  performance  during  surveillance  tasks  (Corcoran, 

1965) .  Recently,  Eysenck,  M  N  (1976)  showed  that  the  best  performs nces  are  related  to  an  average  level  of 
Introversion.  This  result  was  confirmed  in  depressed  patients  by  Byrne  (1976)  who  compared  under-active 
psycho  tics  to  over-active  neurotics.  By  estimating  activation  of  the  Shagass  technique  (sleep  threshold 
under  barbiturates),  he  found  that  average  levels  corresponded  to  the  best  detection  rates.  Other  per¬ 
sonality  factors  were  concerned:  Schlesinger  (1964)  compared  subjects  with  a  large  attention  span  to  those 
with  a  reduced  field,  and  Witkin  (1954)  classified  his  subjects  as  a  function  of  their  tollity  to  detach 
the— elves  from  the  irrelevant  information  which  — de  up  the  background  (as  opposed  to  the  relevant  figure) . 
Schlesinger  Is  thus  oriented  towards  the  quantitative  aspect  and  Witkin  towards  the  selection  of  information. 


State  of  the  Subject: 

We  have  previously  seen  the  role  of  biological  rhytkes,  their  effects  are  — st  often  combined  with 
sleep  deprivation:  tht.  latter  is  equally  evident  in  oifficulties  in  attention,  —re  especially  as  the  task 
Is  familiar  and  —no  to  no  us  (Wilkinson,  1968) .  The  deterioration  related  to  the  prolongation  of  the  test  is 
hence  —re  marked.  It  is  expressed  by  a  —re  careful  attitude  for  soderate  deprivations,  and  then  by  an 
increase  in  false  alarms  when  deprivation  Is  severe  (—re  than  3  nights) .  Knowledge  of  results  and  —  ise 
minim. :«  the  effects  of  sleep  deprivation. 


Physical  fatigue  also  brings  about  a  reduction  m  performance  -it  attention  tests  '3efayo.lv,  19"8i . 

The  sar.*  is  true  of  illness:  Alluisi,  in  1969,  observed  a  25'  deterioration  m  performance,  during  the 
course  of  an  infect  .ous  •llness,  when  tasks  requiring  prolonged  attention  .ere  undertaken.  We  may  note  the 
effects  of  psychotropic  drags,  a  topic  which  will  be  covered  during  the  course  of  the  second  day  of  this 
lecture  series:  hy  inotics  bring  about  a  degradation  of  the  attention  whereas  stimulants,  the  .nverse, 
although  they  also  have  a  negative  effect  when  a ctr mistered  in  high  doses. 

Motivation  fir  the  task  constitutes  one  of  the  oort  important  factors:  knowledge  of  resu.ts  is  one 
means  of  maintaining  it.  Excess  motivation  or  the  presence  of  anxiety  or  of  preoccupation  have  adverse 
effects. 

Isolated  effects  of  ail  these  factors  are  noble  to  combine  together,  tnus  either  potentiating  or  com¬ 
pensating  for  their  adverse  effects.  Hence,  motivation  can  compensate  for  detrimental  effects  of  a 
repetitive  task,  of  sleep,  deprivation,  etc.  On  the  other  hand,  noise  ins  a  core  adverse  effect  on  complex 
tasks  performed  with  strong  motivation.  Chlorprcoacme  diminishes  the  negative  effects  of  roise  Hartley, 
1977).  Physical  effort  aids  simple  and  impairs  more  complex  tasks  tsgoberg,  19"7- . 

5  -  EXPLANATORY  MODELS 

The  contrast  which  exists  between  the  multiplicity  of  factors  influencing  attention  aid  the  relative 
simplicity  of  their  effects  leads  one  to  propose  explanatory  th-ones.  For  some  .1  these  >ne  single  factor 
is  suffuclent  to  explain  the  observed  facts.  Three  broad  theories  have  beer,  advanced: 

-  Kackworth  il950)  based  his  theory  on  the  model  of  Pavlovian  conditions  and  attributed  deterioration 
to  the  development  of  internal  inhibition  by  non-reinforccmcnt. 

McCormack  (1962)  adds  the  role  of  motivation  to  these  inhibitory  phenomena. 

-  Broadbent,  m  1953,  proposed  the  filter  theory.  Tne  role  of  the  filter  is  to  select  for  later  pro¬ 
cessing  relevant  stimuli  by  their  Intensity,  biological  significance  and  novel  characteristic,  it  is  the 
decrease  of  the  latter  during  the  course  of  the  test  which  explains  degradation  of  performance.  In  1962 
the  saae  author  gave  an  important  role  to  decision  processes. 

-  The  last  trend  is  founded  or.  the  physiological  concept  of  activation  which  links  the  level  of  arousal 
to  performance.  We  saw  previously  that  different  levels  of  attention  were  accompanied  by  modification  of 
psychophysiological  parameters,  explaining  the  functioning  of  the  non-specific  reticular  system.  The  tneory 
of  activation  considers  this  parallelism  as  a  causality,  adopting  on  the  psychological  level  the  ideas  of 
Cannon  (1936)  who  attributed  the  function  of  preparation  for  fight  or  flight  to  the  autonomic  system.  The 
different  factors  considered  in  the  preceding  parag.  »ph  generally  Involve  autonomic  phenomena:  it  was 
logical  to  consider  their  effects  as  a  consequence  of  the  activation  which  they  induce. 

Experimental  data  often  reveals  that  the  connection  between  activation  and  performance  is  non-uniform 
but  has  the  curved  shape  of  an  upside-down  U.  There  would,  therefore,  exist  on  optimum  point  of 
activation  such  that  on  either  side  a  decrease  in  effectiveness  Is  observed  (Malmo,  1962) .  This  phenomenon 
had  been  described  as  early  as  1908  by  Yerkes  and  Dodson  in  connection  with  learning.  We  have  already 
encountered  it  in  relation  to  the  effects  of  noise  complexity,  of  psychotropes  and  of  typology.  The 
explanation  of  the  ascending  part  of  the  curve  seems  simple;  on  the  other  hand  ,  it  is  •ore  difficult  to 
understand  how  an  increase  of  activation  can  induce  a  decrease  in  efficiency.  Broadbent  (1965)  uses  the 
decision  model  and  connects  activation  to  augmentation  of  risk-taking  (8):  the  degradation  would  thus  be 
due  to  an  imprudent  attitude  which  would  increase  false  detections.  Easterbrook  (1959)  attributes  the 
phenomenon  of  degradation  encountered  during  hyperactivation  to  an  excess  of  localization.  McGrath  (1963) 
proposes  the  combination  of  two  factors:  activation  and  filtering,  an  idea  recently  taken  up  and  completed 
by  Posner  (1975)  who  distinguishes  three  components:  alarm,  selection  and  the  conscious  processes  of  choice 
strategy. 

It  is  within  this  conceptual  framework  that  we  have  proposed  a  model  (cf  Crocq,  1978)  which  calls  for 
the  intervention  of  two  factors,  the  ability  to  process  and  filtering,  each  under  the  influence  of  the 
general  level  of  activation.  The  information  which  the  subject  is  able  to  treat  at  any  instant  can  be 
separated  into  four  sub-groups  which  conform  to  two  criteria: 

-  its  origin:  it  can  be  external,  driven  by  sensory  organs,  or  internal,  and  be  constituted  by  all  the 
images  and  representations  which  the  subject  can  evoke 

-  Its  relevance  to  the  task:  pertinent  external  information  (S)  is  that  which  corresponds  to  the 
modifications  of  the  environment  in  relation  with  the  task  to  be  performed;  orders,  rules  of  treatment 
and  expectation  of  gains  or  costs  are  equally  relevant  information.  On  the  other  hand,  external  data 
relative  to  the  environment  (noise,  heat)  and  internal  data  constituted  of  irrelevant  ruminations 
(worries,  consciousness  of  hazards,  etc)  are  non-pertinent  information  (B) . 

To  order  our  ideas,  external  information  corresponds  to  107  bits  distributed  87»  and  91  respectively, 
to  visual  and  auditory  channels.  This  volume  of  data  is  considerably  greater  than  man's  overall  capability 
of  processing,  which  lies  approximately  at  IS  bits.  The  solution  to  this  disparity  will  consist  of 
selecting  information  with  the  aid  of  a  filter  in  such  a  way  that  only  what  is  useful  will  be  treated  at  any 
moment.  The  process  could  be  outlined  as  follows.  Faced  with  a  sianal  which  overloads  the  processing 
capability,  the  filter  (F)  positions  itself  in  such  a  way  as  to  set  apart  the  section  which  is  compatible 
with  the  possibilities  of  the  treatment  system  (T),  taking  into  account  the  internal  information  corresponding 
to  the  processing  programme.  The  latter  condenses  the  elements  selected  in  order  of  superiority  stored  in 
the  men-  v. 

Th<  filter  is  then  re-employed  in  another  part  of  the  information.  Each  repositioning  is  defined  by 
the  exp.  ration  programme  and  by  the  results  of  the  preceding  treatment  according  to  a  Markovian- typo  pro¬ 
cess.  I  non-resolved  problem  or  part  of  a  problem  can  thus  block  the  entire  succession  of  operations  unless 
the  programme  Is  changed,  thus  selecting  a  now  one.  Nc  find  here  again  the  notion  of  vicarious  process 
(Reuchli n,  1978). 


The  two  factors  T  and  F  arc  dependent  on  the  level  of  activation  (A) .  The  increase  of  the  latter 
involves  an  increase  in  processing  capacity  and  a  decrease  in  the  value  of  the  filter.  This  last 
hypothesis  is  the  inverse  of  that  proposed  by  Easterbrook,  the  ovcractivatcd  subject  is  not  too  focused, 
but  on  the  contrary  cannot  ensure  correct  filtering.  This  point  of  view  is  in  agreement  with  that  of 
Naatanon  11975)  who  attributes  performance  degradation  in  overactivated  subjects  to  "divergent  demands", 
that  is,  to  internal  information  not  immediately  relevant  to  the  execution  of  the  task.  As  for  the  level  of 
activation  (A),  it  is  determined  by  the  quantity  of  information  to  bo  treated,  relevant  or  not,  the 
physiological  state  of  the  subject  and  his  motivation  <«) .  The  latter  plays  a  very  Important  role:  it 
represents  the  affective  vigilance  (Soulairac,  !"*T8i.  Bailey  (19Tf>)  showed  tnc  rc’ationvhich  exists  between 
boredom  and  arousal,  and  Murrell  (1974)  developed  the  notion  of  AtTTOAROUSAI  where  internal  information  is 
used  as  waking  generators.  » 

The  increasing  function  of  A  and  therefore  of  T  under  the  influence  of  the  motive  state  and  of  the 
quantity  of  information  to  be  treated  represents  a  mechanism  of  adaptive  self-regulation.  The  decrease  in 
the  selective  value  may  seem  paradoxical;  actually,  within  the  normal  limits,  it  is  also  adaptive:  too 
great  a  localization  at  the  moment  when  the  problem  has  to  be  resolved  reaches  a  certain  complexity  which 
results  in  the  loss  of  information  which  could  be  relevant.  It  is  only  in  extreme  conditions  that  the 
phenomenon  becomes  worrying. 

To  represent  the  relations  existing  between  S.B.M  and  A  on  the  one  hand,  A  and  T.F  on  the  other,  we 
have  chosen  an  exponential  function.  Besides  its  very  general  character  in  living  systems,  this  equation 
has  the  advantage  of  taking  into  account  the  speed  of  dcvclojmcr.t  towards  a  maxim®  value. 

The  treatment  capability  7  which  corresponds  to  the  treatable  information  in  each  time  unit  can  be 
written: 

T  •  T„ ._  (1  -  c'~A) 

-  T  ,  which  represents  the  maxim®  quantity  treatable,  is  a  parameter  particular  to  the  individual.  It  is 
oft*of  the  aspects  of  aptitude 

-  9  indicates  the  speed  with  which  T  increases  whet,  activation  is  improved:  this  is  also  a  value  jvarticular 
to  individuals. 

The  filtering  value,  or  rather  that  of  its  reciprocal,  is  expressed  by  the  quantity  of  non- pertinent 
information  (B),  non-f iltcrcd:  we  call  It  residual  Information  (R) . 

P  »  B  (1  -  F^)  (l  -  e_!A) 

-  f  varying  from  one  to  infinity,  gives  the  maxim®  filtering  value  which  can  be  anticipated  for  a  given 
subject,  and  «  is  the  parameter  which  takes  into  account  the  deterioration  of  the  filter  as  a  function  of 
the  level  of  activatijn. 


mice?:  -m^m 


This  level  of  activation  A  obeys  the  same  type  of  function: 

A  .  Wi  .  e-“<S  +  B  +  M), 

-  A„.y  corresponds  to  the  maximum  activation  the  subject  can  proffer  in  his  present  state  (sleep,  drugged, 
fatigue),  a  is  a  parameter  of  reactivity  to  the  increase  in  the  quantity  of  information  S,  B  and 
motivation  M. 

Confronted  at  every  moment  witn  a  global  quantity  of  information  (S,B) ,  presenting  certain  basic 
personal  characteristics  (Tj^  Pmax)  and  certain  personal  characteristics  of  state  (A^x  K  8  (),  the  subject 
will  be  able  to  treat  only  one  reduced  part  of  it  which  corresponds  to  the  difference  existing  between  its 
capability  T  and  the  non-treated  residual  information  R. 


S  +  B  +  M 


This  difference  which  we  shall  call  useful  capability  U  »  T  -  R,  conditions  the  effectiveness  of 
attention.  The  greater  its  value,  the  more  information  which  can  be  dealt  with.  In  the  case  of  a  task 
where  the  signals  are  discontinuous s  they  are  added  to  the  Irrelevant  basic  noise  and  risk  especially,  if  ' 
they  are  of  short  duration,  of  not  being  processed  and  therefore  noticed. 

The  simulation  of  the  complete  equation  will  allow  us  to  estimate  the  value  of  the  model.  We  will  then 
discuss  the  influence  of  the  characteristics  of  relevant  environmental  information,  personality  variables 
and  their  joint  effects. 

All  that  increases  the  information  contained  in  S  will  be  expressed  by  an  increase  in  A:  hence,  com¬ 
plexity,  the  character  of  novelty  and  frequency. 

inversely,  monotonous  repetition,  simplicity,  all  factors  which  develop  with  prolongation  of  the  task 
will  be  expressed  by  a  decrease  of  activation.  The  same  goes  for  motivation  and  pertinent  and  non¬ 
pertinent  stimuli,  S,  B  and  M  having  the  same  effect  being  mutually  compensatory. 

The  resulting  activation  will  be  a  function  of  the  parameters  A^^  and  as  a  subject  deprived  of  sleep 
will  not  be  able  to  reach  a  level  of  wakefulness  as  high  as  that  of  a  rested  subject.  The  values  of 
different  parameters  define  the  properties  of  the  efficiency  curve.  For  increasing  values  of  activation, 

U  tends  towards  an  asymptotic  value  T^^  -  B  (1  -  F|^x) . 

If  this  value  is  negative,  the  task  cannot  be  performed,  the  related  non-filtered  noise  being  greater 
than  the  processing  capability.  For  8  ■  g,  the  curve  is  increasing  with  negative  acceleration.  For  8  >  g, 
the  curve  reaches  a  maximum  which  corresponds  to  the  highest  level  of  activation.  On  either  side  of  this 
point  the  performances  are  not  as  good.  For  a  simple  task  this  maximum  will  call  for  a  higher  level  of 
motivation  than  for  a  complex  task  which  could,  in  turn,  deteriorate  if  this  motivation  is  too  intense. 

The  "noise"  which  increases  activation  has  a  more  complex  effect  because  it  must  be  filtered}  there,  too,  we 
can  observe  that  for  weak  levels  of  complexity  of  the  task  and  weak  isotivation,  it  can  exercise  a  favourable 
effect. 

The  parameter  F*^,  which  corresponds  to  aptitude,  also  plays  a  vary  important  role.  The  greater  its 
value,  the  greater  tne effectiveness  in  the  presence  of  non-pertinent  stimuli,  and  the  more  the  activation 
optimum  is  displaced  towards  elevated  values.  It  would  be  one  of  operator  reliability  and  could  correspond 
to  the  introversion  dimension  of  Eysenck. 


tilSIBii 


S  +  B  +  M 


This  rapid  overview  of  tha  propartiaa  of  tha  aodal  allows  us  to  saa  that  it  takes  into  account  a  fairly 
large  nabar  of  facts  concerning  tha  influence  of  the  task,  of  the  enviroiwent  and  of  personality  factors. 

Zt  Should  hot,  however,  be  considered  to  possess  an  explanations!  value,  but  rather  it  Should  be  considered 
as  a  useful  descriptive  means  of  pinpointing  the  important  factors  t  quantity  of  information  regarding 
Activation  and  Filtering. 

We  have  not  undertaken  the  protolea  of  subject  strategies  which  play  an  equally  important  role  in 
effectiveness.  We  have  seen  that  for  a  given  situation  nueerous  strategies  may  be  available}  their  choice 
depends  on  the  costs  and  gains  relative  to  each  one  of  thee.  Moray  considers  that  a  non  unimportant  pert  of 
tits  processing  capability  is  taken  by  the  programme  theaselves.  An  optima  eust  therefore  be  fouud  which 
reconciles  economy  of  data  to  be  processed  and  difficulty  of  the  prograemi  which  allows  it,  the  one  and  the 
other  often  varying  in  opposite  directions. 

COMCLOBZOH 

Vigilance,  considered  as  the  state  of  availability  to  respond,  and  attention,  considered  as  the 
capability  to  treat  and  filter  information,  appear  to  be  intimately  linked.  Together  they  constitute  the 
two  aspects  of  the  psychological  and  physiological  duality  of  man. 

Zn  reality  they  cover  three  distinct  processes!  activation,  processing  capability  and  filtering  pro¬ 
ficiency.  These  three  processes  take  into  account  the  sometimes  paradoxical  effects  of  the  improvement  or 
the  degradation  of  attention. 

On  the  practical  level,  four  types  of  solutions  can  be  envisaged  for  avoiding  the  deterioration  of 
these  processes! 

a)  The  ergonomic  way  consists  of  arranging  the  signals  and  the  environment  of  the  operator  in  order  to  bring 
him  towards  his  activation  optimum. 

b)  The  psycho  technical  way  tries  to  find  the  most  suitable  subjects.  We  have  seen  the  difficulty  of  defining 
an  aptitude  to  attention.  Zt  would  seam  more  interesting  to  orientate  research  towards  the  selective 
aspects  centred  on  the  filtering  processes}  it  is  possible  that  on  this  point  physiological  measurements 
might  be  employed. 

c)  The  psychological  way  would  consist  of  optimising  the  motivation  of  subjects,  as  a  function  of  the  type 
of  task.  As  a  task  requrlng  little  attention  necessitates  a  greater  level  of  motivation,  one  understands 

the  usefulness  of  informing  those  carrying  out  such  tasks  of  the  importance  of  their  actions  the  more  so 
if  these  appear  to  be  uninteresting. 

d)  Finally,  the  pharmacological  way  would  sail  on  chemical  aids  likely  to  act  on  the  three  Important  systems! 
catecholeminergic,  serotonergic  and  cholinergic.  These  will  be  considered  during  the  course  of  the  next 
day. 


AZAUOCTAPCT 

For  references  prior  to  1970,  reference  can  be  made  to  the  works  below  which  are  provided  with  an 
abundant  bibliography. 
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FAIT  1 

BIOCHEMICAL  HOICKS  OF  STIES S: 
BIOCHEMICAL  ASPECTS  OF  THE  STIKSS  KESFOHSE 


WTIODOCTIOH 

Perhaps  the  noat  characteristic  feature  of  a  peraoo'a  reaponae  to  atreaa  ia  the  releaae  of  certain 
hormones — the  so-called  atreaa  hormones — which.  In  turn,  affect  virtually  all  body  functlona.  Conaequently, 
the  aearch  for  a  biochemical  indicator  which  night  aid  in  the  detection  and  quantification  of  a  atreaa 
reaponae  would  logically  begin  with  a  biological  aubatance  which  reflecte  either  the  quantity  or  the  bio¬ 
logic  activity  of  a  atreaa  horaone. 

A  eecoed  and  oqually  Inportant  natter  to  settle  prior  to  undertaking  the  search  would  be  to  determine 
what  type  of  etveaa  is  to  be  detected  or  quantified.  This,  of  course,  is  a  aost  decisive  issue  to  settle 
because  of  chfc  very  broad  and  widely  differing  views  as  to  the  usage,  in  a  bioaedlcal  sense,  of  the  tern 
"stress.”  This  differing  of  opinions  about  stress  is  not  just  aaong  layaen— aany  scientists  differ,  sona¬ 
tinas  quite  vahaaently,  over  the  asanlng  of  the  word. 

The  concept  of  stress  adopted  for  this  review  is  a  slight  aodlflcatlon  of  the  one  that  has  guided  our 
laboratory  (USAFSAM/VH)  in  the  study  of  factors  confronting  DEAF  flight  personnel  for  the  past  three 
decades.  The  latter  concept  was  initially  conceived  for  use  in  flight-stress  studies  by  Dr.  Henry  B.  Hale, 
fomerly  of  the  DSAF  School  of  Aeroepace  Medicine  but  now  retired.  Dr.  Hale  is  a  knowledgeable  endocrin¬ 
ologist  and  envlronaantal  physiologist,  and  a  recognised  authority  in  the  field  of  stress  physiology.  Be 
held  that  a  force  or  stiaulua,  whether  externally  received  or  internally  perceived,  bee  ana  a  stress  (or 
wore  appropriately,  a  stressor)  if /when  it  was  of  sufficient  Intensity  to  elicit  either  one  or  both  of  two 
body  responses;  one  is  ccMonly  referred  to  as  Selya's  Alarm  Inaction  and  the  other  as  Cannon's  Fight  or 
Flight  lesponae.  It  is  hardly  appropriate  to  present  to  this  audience  a  detail ad  description  of  these 
well-known  physiologic  responses.  To  lay  a  proper  foundation  for  aaterlal  to  be  presented  here,  however, 
some  particularly  relevant  aspects  of  the  two  are  given. 

The  two  responses  are  similar  to  asch  other  in  several  respects.  For  example,  both  are  triggered  by 
either  physical,  mental,  or  emotional  stimuli,  both  are  channeled  through  the  hypothalamus,  both  Involve 
the  conversion  of  a  nerve-borne  message  to  a  blood-borne  type,  and  both  Involve  the  secretion  of  two  or 
more  hormones  from  the  adrenal  gland.  The  Impulse  received  by  the  hypothalamus  in  the  Alarm  leactlon  is 
convertsd  to  a  blood  message  while  still  in  that  gland,  after  which  the  message  travels  to  the  nearby 
anterior  pituitary  with  instructions  to  release  one  of  its  hormones  which,  in  turn,  travels  in  circulating 
blood  to  the  adrenal  cortex  with  the  massage  to  secrete  certain  (but  not  all)  of  ite  hormones.  In  con¬ 
trast,  the  impulse  received  by  the  hypothalamus  la  the  Fight  or  Flight  leeponse  ranairs  an  impulse  vhil* 
passing  through  the  sympathetic  nervous  systee  (SH3)  to  the  adrenal  medulla,  at  which  point  tbs  neuronal 
massage  is  transformed  into  two  blood  messages — the  catecholamine  hormones  epinephrine  (K)  and  norep ine- 
ephrlna  (HE). 

According  to  the  view  adopted  herein  of  a  stressor,  a  stiaulua  need  not  have  the  Intensity  to  activate 
either  of  the  two  physiologic  responses  mentioned  above — to  be  stressful,  it  needs  merely  to  stimulate  the 
SHS.  This  view  is  supported  by  the  current  literature  ihich  shows  that  advantageous  use  has  been  made  of 
the  well-known  fact  that  stimulation  of  the  adrenergic  neurones  within  the  SHS  causes  the  release  of  a 
neurotrananltter.  The  subsequent  appearance  of  that  substance  In  circulating  blood  is  noteworthy  in 
several  respects.  First,  its  concentration  In  blood  ban  been  ehown  to  vary  in  direct  proportion  to  the 
intensity  of  nsuronal  stimulation.  Hext,  since  the  neurotrananltter  is  identical  to  one  of  the  afore¬ 
mentioned  adrenoncdullary  hormones  (norepinephrine,  or  HE),  its  quantity  In  blood  represents  the  combined 
input  from  two  anatomic  entities.  The  fact  that  HE  In  blood  originates  from  two  sites  within  the  body 
does  not  negate  its  usefulness  as  a  measure  of  stress.  On  the  one  head,  the  inability  to  use  it  to  quan¬ 
tify  adrennmadul 1 ary  function  is  inconsequential  since  the  other  hormone  secretad  by  the  adrenal  madulla 
(epinephrine,  or  E)  quite  satisfactorily  accomplishes  that  purpose.  On  the  other  hand,  the  blood  HE  level 
may  be  adjusted  by  statistical  methods  so  as  to  provide  a  relatively  specific  measure  of  SHS  function; 
that  adjustment  is  based  on  using  the  blood  E  level  to  estimate  the  approximate  contribution  of  the 
adrenal  to  the  total  concentration  of  HE  in  blood. 

The  advantage  of  including  SHS  stimulation  alone  as  a  physiologic  response  to  stress  is  that  it 
facilitates  the  quantification  of  stressors  at  substantially  lower  intensity  levels  than  heretofore 
quantified.  According  to  this  concept,  seemingly  inconsequential  stimuli  are  viewed  as  stressor*.  For 
example,  the  act  of  rising  from  a  seated  position  ia  regarded  as  stressful  since  it  causes  a  marked  and 
highly  significant  increase  in  SHS  function  (reflected  by  a  two-fold  Increase  la  blood  HE).  Moreover, 
physical  or  psychological  events  which  are  sufficient  to  set  la  notion  the  Alarm  leactlon  or  the  Fight 
or  Flight  lesponae  result  la  more  then  a  100-fold  increase  la  blood  HE.  Thus,  this  Indicator  of  SHS 
function  is  sufficiently  sensitive  to  quantify  toe  less  stressful  situations,  and  yet  it  has  the  range  to 
permit  the  quantification  of  the  more  stressful  events.  Indeed,  it  is  perhaps  too  sensitive,  when  viewed 
by  Itself,  to  be  a  completely  satisfactory  indicator  of  stress.  As  a  final  clarifying  coanent  regarding 
the  quality  of  stress,  this  discussion  is  limited  to  acute  stress.  Chronic  stress  is  a  separate  issue. 


CAIHOtIHTEE  OF  BIOCHIT CAL  ETBEfg  DP1CKB 

It  is  dear  from  the  Introductory  remarks  that  the  assay  of  a  stress  hormone  in  blood  (and/or  urine) 
should  facilitate  the  quantification  of  the  biologic  effectiveness  of  a  stressor.  While  this  is  true,  it 
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la  also  true  that  body  constituents  other  than  hormone*  can  provide  additional  and,  in  some  cases,  better 
Information  regarding  the  Impact  of  a  stressor  upon  the  body.  As  a  matter  of  fact,  several  non-hormone 
Indices  were  used  long  before  technology  made  It  possible  to  quantify  hormones  themselves. 

Substances  which  have  been  used  to  detect  or  quantify  stress  in  the  past  are  categorised  herein  as 
follows:  (1)  hormones,  (2)  hormone  precursors  (Involved  In  the  biosynthesis  of  hormones),  (3)  hormone 
metabolites  (involved  In  the  metabolic  degradation  of  hormones) ,  (4)  non-honone  metabolites  (substances 
whose  quantities  are  significantly  altered  by  hormone  action  within  a  target  tissue),  and  (5)  ensymes  of 
hormone  formation/function.  As  a  generalisation,  the  use  of  hormone  precursors  as  stress  Indices  Is 
based  on  the  assay  of  tissues  from  the  site  of  hormone  synthesis,  the  hormones  themselves  are  measured 
primarily  in  blood,  the  ensymes  also  in  blood,  and  the  hormone  metabolites  as  well  as  the  non-hormone 
metabolites  are  measured  primarily  In  urine. 

The  remainder  of  this  review  will  be  devoted  to  the  discussion  of  these  categories  of  biochemical 
Indices. 

Horans 


Cortlcotrophin-leleasing-Facto- 

Corticotrophln-releablng-.  ntor  (CUT)  la  the  only  stress  hormone  that  la  not  currently  regarded 
as  a  hormone;  as  reflected  by  its  same,  it  Is  presently  regarded  a a  a  factor.  CKt  la  one  of  several  .«lo- 
chemical  materials  secreted  by  the  hypothalamus.  Similar  to  several  of  the  other  hypothalamic  hormo >ms, 
cur  la  conveyed  to  another  endocrine  gland  where  It  stimulates  the  secretion  of  a  second  hormone  whic'..  In 
turn,  travels  to  a  third  endocrine  gland  causing  that  gland  to  secrete  certain  of  Its  hormones.  Whereas 
the  other  hormones  secreted  by  the  hypothalamus  were  Initially  referred  to  as  releasing  factors,  their 
designation  was  changed  to  hormone  after  their  chemical  structure  had  been  determined,  thus.  It  la 
anticipated  that  the  F  designation  of  CUT  will  be  changed  to  an  H  upon  the  elucidation  of  Its  structure. 

la  addition  to  CKF  being  the  only  one  of  the  stress  hormones  which  la  not  called  a  hormone.  It 
unfortunately  la  also  the  only  one  for  which  an  analytical  method  la  lacking.  Since  CIF  Is  known  to  be  a 
peptide,  perhaps  a  radio- Immunoassay  (KIA)  will  be  forthcoming.  The  great  sensitivity  of  that  capability 
will  likely  be  required  to  assay  the  extremely  small  quantities  of  CIF  which  are  present  la  blood,  at  least 
In  blood  from  the  hypophyseal-portal  system. 

Adrenocortlcotrophlc  Hormone 

Another  stress  hormone  Is  adrenocortlcotrophlc  hormone,  which  Is  also  called  cortlcotrophin  or, 
more  simply,  ACTH.  ACTH  Is  released  from  the  anterior  pituitary  la  response  either  to  CIF  or  from  a 
negative  feedback  mechanlam  controlled  by  the  blood  level  of  a  hormone  fro*  the  adrenal  cortex.  (See 
below.)  There  Is  evidence  that.  In  addition  to  acting  directly  upon  the  anterior  pituitary,  this  feed¬ 
back  system  also  acts  Indirectly  upon  that  gland  by  regulating  the  release  of  CJU'  from  the  hypothalamus. 

ACTH  has  been  shown  to  be  a  peptide  containing  36  amino  acid  residues  of  wtlch  the  24  on  the 
amino- terminus  of  the  molecule  are  required  for  activity.  It  has  been  synthesised.  The  bloassay  method 
used  In  the  'SOe  and  '60c  has  now  given  way  to  IXA;  analyses  are  primarily  limited  to  tlood  samples.  In¬ 
asmuch  as  metabolites  of  ACTH  hive  not  been  Identified,  the  use  of  ACTH  as  a  measure  of  stress  Is  based 
either  on  measuring  Its  concentration  In  blood  or  another  hormone  whose  concentration  In  blood  la  regulated 
by  blood  ACTH. 

Glucocorticoids 

Cortisol  (hydrocortisone)  and  corticosterone  are  but  two  of  several  steroid  horaones  secreted  by 
the  adrenal  cortex.  Since  they  are  the  only  ones  secreted  by  ACTH  stimulation,  they  are  the  only  adreno- 
cor tico steroids  regarded  as  stress  hormones;  the  other  adrenocortical  hormones  Include  aldosterone  (the 
hormone  that  regulates  electrolyte  and  water  balance)  aad  several  sex  hormones  (androgacs  and  astrogans). 
Because  of  Its  principal  Influence  on  mineral  metabolism,  aldosterone  la  often  referred  to  as  a  miner al- 
ocorticoid.  On  the  other  hand,  cortisol  and  corticosterone  exert  their  Influence  primarily  on  glucoee 
metabolism  aad,  therefore,  are  collectively  referred  to  as  glucocorticoids.  These  distinctions  between 
cortical  hormones  ave  not  mutually  exlualve  since  glucocorticoids  possess  slight  mineral ocortlcold  activity 
and  vice  versa. 

Although  the  term  glucocorticoid  Is  frequently  used  herein,  reference  Is  primarily  to  cortisol 
since  It  la  the  chief  glucocorticoid  In  man.  Corticosterone  Is  the  principal  glucocorticoid  in  the  rat  and 
a  few  other  animals. 

The  quantity  of  cortisol  stored  la  tho  adrenal  cells  Is  relatively  smaj.',  but  this  le  apparently 
of  little  consequence  since  Its  rate  of  synthesis  Is  quite  rapid  and  the  entire  qu.  ntlty  can  be  discharged 
within  a  very  few  seconds.  Although  cortlao)  Is  secretsd  la  the  free  form,  most  of  it  becomes  reversibly 
bound  to  certain  plasma  proteins  upon  entering  the  blood  stream.  About  951  of  It  Is  bound  to  an  alpha- 
globulin  called  transcortln;  the  remainder  Is  either  bound  to  albumin  or  remains  In  the  unbound  (free) 
form.  At  high  plasma  cortisol  levels,  however,  the  binding  sites  on  transcortln  become  saturated,  and 
while  thare  may  be  a  slight  Increase  in  binding  to  albumin,  the  main  portion  of  the  Increase  remains 
unbound. 

The  level  of  ^ortisol  la  blood  Is  subject  to  a  distinct  circadian  rhythm  (as  Is  blood  ACTH).  As 
shown  In  Figure  1,  the  level  is  the  lowest  at  about  2  a.m.  aad  t!te  highest  at  about  •  a.m.  At  first 
glance  it  might  appear  that  the  abrupt  Increase  la  airly  morning  Is  due  to  the  stress  of  arising.  A  closer 
examination  of  the  pattern  of  change,  however,  shows  that  the  Increase  Is  eet  la  motion  two  or  three  hours 
before  the  hour  of  awakening;  that  swing  upward  apparently  reflects  the  release  of  ACTH  from  the  anterior 
pituitary  via  the  aforementioned  feedback  mechanism  (triggered  by  the  low  blood  cortisol  level) .  Although 
It  scarcely  needs  mentioning.  It  is  obvious  from  this  rhythm icity  of  plasma  cortisol  that  due  consideration 
must  be  given  to  the  tlna-of-4ay  at  which  blood  samples  are  drawn  for  stress  appraisals. 


Only  free  cortisol  is  biologically  active  and  only  free  cortisol  diffuses  Into  the  tissues.  As 
It  leaves  the  plasma  to  enter  the  tissues,  sore  is  released  from  the  plasma  proteins  to  replace  It.  Thus, 
the  bound  fraction  of  cortisol  serves  as  a  circulating  reservoir  which  keeps  a  ready  and  steady  supply  of 
free  cortisol  available  for  uptake  by  the  tissues. 

It  is  of  Interest  to  Caspars  the  blood  level  of  cortisol  to  those  of  the  hormones  Involved  In  its 
secretion.  Accordingly,  Its  quantity  secreted  by  the  adrenal  cortex  Is  about  1000  tines  greater  than  Its 
stlsulus  (ACTS),  whose  quantity  secreted  by  the  anterior  pituitary  la  thought  to  be  at  least  1000  tinea 
greater  than  Its  stlsulus  (CJtF)  from  the  hypothalamus. 
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Figure  1.  Diurnal  variation  In  plasma  cortisol  (wg/100  si) 


Catecholamine  Hormones 

As  mentioned  earlier,  E  Is  secretsd  entirely  by  the  adrenal  medulla,  whereas  HE  Is  released  by 
that  gland  and  from  the  SRS.  The  difference  In  the  quantities  of  HE  entering  the  blood  stream  from  the  two 
sites  Is  clearly  reflected  by  the  relative  concentration  of  HE  and  E  In  blood  and  urine  versus  that  released 
from  the  adrenal  gland.  For  example,  E  comprises  about  SOT  of  the  two  upon  release  from  the  medulla,  but  it 
makes  up  only  about  2 OX  of  the  two  In  blood  and  urine.  This  much  greater  proportion  of  HE  In  circulating 
blood  claarly  reveals  that  the  quantity  released  at  the  adrenergic  nerve  terminals  vastly  exceeds  the  quan¬ 
tity  released  by  the  adrenal.  It  is  pertinent  to  mention  that  the  relationship  between  the  amounts  of  E  and 
HE  secreted  by  the  medulla  Is  not  fixed  since  the  two  catecholamines  originate  from  different  types  of  cells 
within  that  gland. 

The  transport  of  the  catecholamine  hormones  from  the  adrenal  to  the  various  tissues  differs  from 
the  glucocorticoids  la  that,  owing  presumably  to  their  greater  water  solubility.  It  Is  unnecessary  for  tham 
to  be  bound  to  plasma  proteins  while  la  transit.  When  functioning  as  s  neurotraasmltrer,  the  transport  of 
neuronal  HE  is  not  really  an  issue  since  It  has  a  gap  of  only  a  few  nanometers  to  cross  in  going  from  the 
pre-synaptlc  storage  vesicles  to  the  post-synaptlc  membrane  of  the  receptor  cells.  Adrenal  HE  Is  properly 
termed  a  hormone  since  It  exerts  its  function  elsewhere  In  the  body;  however,  since  neuronal  HE  functions 
at  its  site  of  synthesis  as  well  as  elsewhere,  it  perhaps  has  been  more  appropriately  termed  a  "local" 
hormone. 
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Material  gathered  for  thie  review  ralaea  a  rather  aerioua  question  concerning  the  passage  of 
neuronal  IS  fro*  the  adrenergic  nerve  endings  into  circulating  blood.  On  the  one  hand,  there  is  c cupelling 
evidence  that  very  substantial  quantities  do,  Indeed,  erter  the  blood  streaa.  On  the  other  hand,  intona¬ 
tion  contained  in  recently  authored  or  revised  textbooks  indicate  that  after  neuronal  ME  participates  In 
nazve  transmission,  it  is  deactivated  in  two  ways,  i. e. ,  a  snail  portion  undergoes  enzymatic  degradation 
and  the  remainder  is  "deactivated"  merely  by  returning  to  the  storage  vesicles  from  which  it  had  been 
previously  discharged.  Mot  only  is  there  no  mention  of  the  portion  of  neuronal  ME  that  passes  into  the 
blood  stream,  but  quite  to  the  contrary,  it  is  stated  that  a  portion  of  blood  ME  is  actually  taken  up  by 
the  neuronal  vesicles;  thereby  leading  to  the  conclusion  that,  at  any  given  time,  ME  contained  in  the 
storage  veeicles  is  an  admixture  of  freshly  synthesised  ME,  HE  which  hed  been  secreted  fro*  the  same 
vesicles  at  an  earlier  time,  and  ME  which  had  actually  been  synthesized  in  the  adrenal.  It  is  noteworthy 
that  neither  ME  nor  E  is  taken  up  by  the  medullary  cells  after  being  secreted. 

Honone  Precursors 

The  next  category  of  stress  indices  is  comprised  of  substances  involved  in  the  formation  of  the 
stress  hormones.  As  noted  below,  this  review  is  limited  to  precursors  of  the  glucocorticoids  and  catechol¬ 
amines  since  little  la  known  of  the  biosynthesis  of  ACIB  and  CAP.  To  provide  insight  into  the  formation  of 
the  hormones,  this  discussion  includes  a  brief  review  of  the  various  reactions  and  precursors  involved  in 
the  synthesis  of  the  streaa  hormones. 

Biosynthesis  of  Clucocortlcolds 

The  glucocorticoids  are  synthesised  from  acetate  in  the  adrenal  cortex  through  a  pathway  which 
includes  cholesterol.  The  latter  compound  is  usually  regarded  as  the  starting  material,  owing  presumably 
to  the  fact  that  cholesterol  in  circulating  blood  is  used  for  cor tic old  synthesis  when  adrenal  stores  are 
depleted.  To  show  more  clearly  tbs  rather  slight  structural  changes  involved  in  converting  cholesterol  to 
the  cortical  hormones,  it  is  also  customary  to  depict  the  ring  structure  which  is  comoo  to  all  of  the 
precursor*  in  a  highly  simplified  form.  That  ring  structure  (or  nucleus),  which  is  essentially  that  of 
cyclopentanoperhydrophenanthrene,  is  given  in  Flgcte  2  along  with  its  condensed  form.  As  shown  by  the 
structure  on  the  right  in  the  figure,  simplification  is  accomplished  by  not  showing  the  presence  of  the 
17  carbon  and  28  hydrogen  atoms  of  the  molecule. 


The  simplified  structure  in  Figure  2  also  shown  the  conventional  numbering  of  carbon  atoms  and 
the  lettering  of  the  four  rings.  The  structure  does  not  show  the  locution  of  the  four  additional  carbon 
atoms  present  in  the  glucocorticoids  and  their  precursors.  Those  atoms  are  situated  as  follows:  C-18  and 
C-19  replace  the  a  ingle  hydrogen  atoms  on  C-13  and  C-10,  respectively,  C-20  replaces  one  of  the  two  hydro¬ 
gen  atoms  on  C-X7,  and  C-21  is  bonded  to  C-20.  Vheraaa  C-18  and  C-19  remain  as  methyl  groups  (l.e.,  each 
containing  three  hydrogen  atoms)  throughout  the  synthesis  process,  C-20  and  C-21  do  not  retain  all  of  their 
hydrogen  atoms. 


Figure  2.  Cyclops* taao-pSThydro-phenautbrena  (nucleus  for  adrsmal 
cortical  hormones,  sex  hormones,  bile  acids,  sterols,  and  others) 

With  tbs  foregoing  cossets  as  background,  it  is  now  appropriate  to  consider  the  individual  steps 
landing  to  glucocorticoid  formation.  A  schematic  illustration  of  those  steps  is  given  in  Figure  3.  It  is 
noted  that  the  synthesis  begins  and  ends  in  the  mitochondria,  but  certain  Intermediate  reactions  take  place 
in  the  cytoplasm.  Although  not  mentioned  above,  cholesterol  contains  six  additional  carbon  atoms  connected 
in  sequence  with  the  first  one  (C-22)  bonded  to  C-20  and  the  lest  two  (C-26  and  C-27)  bonded  to  C-25  (there¬ 
by  forming  a  branched  chain  of  the  carbon  atoms). 

As  Illustrated  in  Figure  3,  cholesterol  is  first  hydroxylatod  at  C-20.  This  step,  which  is  the 
first  of  several  hydroxy latlag  steps,  is  rate-limiting  for  the  entire  synthesis  of  the  glvcocorticoids. 
Mydroxylatlon  is  followed  by  the  splitting  off  of  the  side  chain  at  C-20  sad  the  simultaneous  replecement 
of  the  newly  added  hydrory  group  by  a  koto  group  to  form  pregnenolone.  This  is  the  dividing  point  in  the 
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synthesis  of  the  tvo  glucocorticoids.  A  major  portion  of  pregnenolone  is  hydroxylsted  at  c-17,  which 
represents  the  only  difference  between  the  glucocorticoid  precursors  throughout  the  remainder  of  the 
synthesis,  tor  example,  the  formation  of  progesterone  Involves  a  dehydrogenase  to  convert  the  hydroxy 
group  at  C-3  to  a  keto  group,  and  an  lsomerase  to  switch  the  double  bond  fro*  between  C-S  and  C-6  to 
between  C-4  and  C-S.  These  are  the  very  saae  reactions  Involved  In  converting  17-hydroxypregnenolone  to 
17-hydroxyprogesterone . 

Rext,  the  two  progesterones  are  converted  to  the  corresponding  deoxy  compounds  by  hydroxy 1st Ion 
at  C-21.  The  nenlng  of  the  latter  two  compounds  Is  accually  based  on  the  absence  of  an  oxygen  atoa  which 
is  not  added  until  the  next  step.  That  step  Is  catalyzed  by  the  enzyne  11-beta -hydroxylase,  and  Is  the 
final  one  leading  to  the  foraatlon  of  the  two  boraones.  It  is  noted  that  the  only  chealcal  difference 
between  these  two  boraones  is  the  hydroxy  group  at  C-17  which,  as  mentioned  ii.  the  above  paragraph.  Is 
added  by  the  only  reaction  In  the  cortisol  sequence  that  is  not  In  the  corticosterone  sequence.  That 
small  difference,  however,  is  a  most  consequential  one  In  several  respects. 

A  substantial  portion  of  corticosterone  is  converted  to  aldosterone;  very  little  Is  present  In 
human  blood.  It  Is  also  evident  frua  Figure  3  that  a  portion  of  the  three  cortisol  precursors  is  channeled 
off  for  the  synthesis  of  estrogens  and  androgens.  A  saall  amount  of  cortisol  Is  reversibly  converted  to 
cortisone,  but,  as  detailed  later,  this  takes  place  In  the  liver — not  In  the  adrenal  cortex. 


Figure  3.  Biosynthesis  of  glucocorticoids 


Clococci'tic'.  id  Precursors  Used  as  Stress  Indices 

Only  one  of  the  precursors  shown  In  Figure  3  has  been  used  to  detect  and  quantify  stress — that 
one  Is  cholesterol.  As  far  aa  can  be  ascertained,  cholesterol  was  the  very  first  of  the  stress  indices. 
Its  use  has  bean  limited  to  animal  experimentation  since  the  assessment  Is  based  on  its  depletion  In  the 
adrenal  cortex.  Another  limitation  or  unfavorable  clrciMtance  which  hindered  Its  use  In  the  early  years 
was  the  method  of  analysis;  It  was  time-consuming  and  quite  laborious. 

In  addition  to  cholesterol  depletion.  It  was  subsequently  found  that  the  adrenal  gland’s  rather 
high  content  of  ascorbic  acid  was  markedly  depleted  in  moderately-tn-severely  stressed  animals.  Because 
the  analytical  method  used  for  ascorbic  acid  analyses  was  much  less  objectionable  than  the  cholesterol 
method.  It  vapidly  became  the  method  of  choice  In  stress  studies.  Additionally,  the  adrenal  ascorbic  acid 
method  served  as  the  basis  for  Sayer's  bloaasay  of  blood  ACTH. 

Although  It  has  never  been  determined  exactly  how  or  where  ascorbic  acid  enters  Into  glucocorti¬ 
coid  synthesis.  Its  depletion  generally  parallels  that  of  cholesterol.  Ascorbic  acid  Is  Included  in  this 
category  of  stress  Indices  because  of  this  savingly  close  parallel  with  adrenal  cholesterol. 

As  a  point  of  Interest,  stress  studies  conducted  by  this  laboratory  In  the  early  '50s  utilized 
the  adrenal  ascorbic  acid  depletion  assay  for  animal  experimentation  and  the  blood  eosinophil  count  for 
appraisals  Involving  humans.  It  Is  Inappropriate  to  Include  the  eosinophil  count  as  a  stress  indicator 
here  since  It  does  not  qualify  as  a  biochemical  per  se.  However,  as  detailed  later,  a  biochemical  con¬ 
tained  within  eosinophils  (and  lymphocytes)  has  been  used  as  a  measure  of  stress. 


Biosynthesis  of  Catecholamine  Hormones 


the  precursors  and  enigmatic  reactions  involved  in  the  biosynthesis  of  E  and  HE  are  sia«arized 
in  Figure  4.  With  respect  to  the  ring  structure  appearing  in  the-  upper  part  of  the  figure,  the  one  on  the 
right  is  a  simplified  representation  of  the  one  on  the  left;  both  atructures  show  the  basis  for  referring 
to  the  two  hormone*  as  catecholamines.  As  shown,  catechol  is  the  trivial  name  given  the  chemical  which  is 
more  correctly  krsown  as  O-dlhydroxybenzene.  In  addition  to  E  and  NE,  it  is  apparent  from  other  structures 
in  the  figure  that  dfhydroxyphenylalanlne  (D0PA1  and  dopamine  (DA)  also  have  the  molecular  characteristics 
of  a  catecholamine. 


SYMPATHETIC  NEPVE' ENDING 


1  -PHENYLALANINE  tjf  TnCKKt  3- AROMATIC  ;•  V 

HYDROXYLASE  HTDNOXYi  ATE  AMDiOACID  r 

-  -  DCCARAOXYLA»r 


Figure  4.  Biosynthesis  of  catecholamines 

The  pathway  leading  to  the  formation  of  RE  is  precisely  the  same  in  the  adrenal  medulla  as  it  is 
at  sympathetic  nerve  endings.  However,  tbe  absence  of  the  enzyme  phecylethanolaalne-H -methyl-transferase 
(PUT)  at  the  nerve  terminals  prevents  the  subsequent  methylatlon  of  NE  to  form  E.  That  enzyme  is  present 
only  in  the  medulla.  By  noting  this  very  Important  difference  in  tbe  formation  of  E  and  HE,  it  is  evident 
that  in  the  customary  viewing  of  these  hormones  as  indices  of  sympatho-adrenomedullary  function,  E  is 
regarded  a*  a  specific  indicator  of  medullary  function  and  HE  as  a  less  specific  indicator  of  SXS  function. 

It  is  of  Interest  to  note  that  the  prevalence  of  hydroxylatlon  reactions  in  glucocorticoid 
synthesis  mentioned  earlier  also  characterises  catecholamine  synthesis.  For  example,  three  of  the  four 
reactions  leading  to  the  formation  of  HE  are  hydroxylatlons;  tbe  only  other  reaction  is  tbe  decarboxylation 
of  DOFA  to  form  DA.  It  is  also  noteworthy  that,  tbe  second  hydroxylatlon  reaction  is  rate-limiting;  inhibi¬ 
tion  of  the  enzyme  tyrosine  hydroxylase  by  high  blood  levels  of  catecholamines  Identifies  this  step  as  the 
focal  point  in  tbe  negative  feedback  regulation  of  catecholamine  synthesis. 

ACTH's  ability  to  optimize  catecholamine  synthesis  in  the  adrenal  medulla  is  presumably  due  to 
It  increasing  the  secretion  of  cortisol  which,  in  turn,  speeds  up  tbe  synthesis  of  E  by  optimizing  the 
enzymatic  activity  of  PHKT.  It  is  noteworthy  that  the  blood  level  of  cortisol  at  tbe  site  of  E  formation 
is  relatively  high  because  most  of  the  blood  passing  through  tbe  adrenal  medulla  comes  directly  from  the 
adrenal  cortex. 

Catecholamine  Precursors  Used  as  Stress  Indices 

Evidence  cannot  be  found  in  tbe  literature  which  sight  suggest  that  any  of  the  precursors  shown 
in  Figure  4  have  been  used  to  quantify  stress.  There  are  substantial  quantities  of  all  tbe  precursors  in 
blood,  but  their  quantltlaa  in  blood  and  tissues  apparently  have  not  been  found  to  be  significantly  altered 
by  stress. 

EHZ'  XES  OF  aOPCSE  FCBMAT IOH  /FUHCTIOH 


In  turning  to  the  next  category  of  stress  indices,  attention  is  directed  to  the  enzyme  shown  in  Figure 
4  as  catalyzing  the  conversion  of  DA  to  NE,  l.e.,  dopamine-beta-hydroxylase  (CBH) .  This  enzyme  is  the  only 
one  whose  activity  in  blood  has  been  used  to  quantify  stress.  The  various  transaminases  which  are  cooKmly 
used  in  clinical  medicine  are  not  Included  in  this  category  because  they  seem  to  reflect  much  sore  than  the 
stress  response  per  se.  In  this  connection,  however,  it  is  mentioned  later  that  one  of  cortisol's  action 
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on  target  tissues  li  the  induction  (Increased  synthesis)  of  several  enzymes  In  tb*  liver,  smong  which  are 
the  transaminases. 

With  respect  to  DBE,  a  recent  visitor  pointed  out  thet  this  enzyme  is  secreted  into  blood  along  with 
HE  during  sympathetic  nerve  discharge  and  remains  in  blood  for  such  longer  periods  of  tine  than  HE  (whose 
half-life  was  said  to  be  quite  short,  averaging  about  two  minutes).  Despite  the  added  fact  that  the  assay 
cf  DBS  was  both  easy  and  reliable,  that  clinician  concluded  that  plasaa  KE  levels  reveal  sore  about  the 
SMS  than  plarnu  DBH  levels. 

WOW-BOBCKE  METABOLITES 

The  next  category  of  substances  which  have  been  used  to  quantify  stress  comprises  those  whose  quanti¬ 
ties  are  markedly  altered  (either  raised  or  lowered)  by  hormone  action  in  the  various  target  tissues  (end 
organs).  This  category  la  restricted  to  those  substances  which  enter  (or  fail  to  enter j  the  blood  stream 
from  the  affected  tissues  and  which  are  not  regarded  as  either  precursors  or  me ta boll ti s  of  the  stress 
hormones. 

Carbohydrate  Metabolites 

The  first  sub-category  under  this  heading  is  the  group  which  reflects  changes  in  carbohydrate 
metabolism.  Since  glucocorticoids  were  so  named  because  most  of  their  effects  are  on  glucose  metabolism, 
it  is  not  surprising  that  the  most  widely  recognized  stress  indicator  in  this  group  is  glucose  itself.  In 
this  case,  the  blood  glucose  is  raised  by  E  as  well  as  by  cortisol.  The  mechanism  by  which  the  two  hor¬ 
mones  Increase  the  blood  sugar  level  is  different.  For  example,  E  Increases  glycogenoly^is  (the  breakdown 
of  glycogen)  and  decreases  glycogenesis  (glycogen  synthesis),  both  actions  serving  to  increase  the  blood 
glucose  level.  These  effects  are  brought  about  by  the  activation  of  cyclic  AM?  which  then  converts  the 
Inactive  form  of  the  enzyme  phosphorylase  b  to  the  active  form.  Cortisol  also  increases  glycogen  break¬ 
down,  but  it  does  not  decrease  its  synthesis;  in  fact,  if  anything,  it  Increases  it.  The  slight  increase 
in  glycogenesis  produced  by  cortisol  is  brought  about  partly  by  increasing  the  conversion  of  pyruvate  and 
lactate  to  glycogen  and  partly  by  increasing  the  conversion  of  amino  acids  to  glucose  (glycogen),  which  is 
more  specifically  called  gluconeogenesls.  Cortisol's  stimulatory  effect  on  glycogenolysls  is  attributed, 
at  least  in  part,  to  its  ability  to  optimize  E's  glycogenolytic  action.  It  is  worthy  of  note  that  the 
latter  action  of  cortisol  is  not  an  Isolated  effect,  for  it  has  been  shown  tc  have  an  identical  influence 
on  many  other  phases  of  metabolism.  When  functioning  in  this  manner,  cortisol  is  said  to  be  exerting  a 
permissive  action  (or  to  be  playing  a  permissive  role)  because  it  does  not  actually  participate  in  a  par¬ 
ticular  reaction,  but  it  doer  permit  those  substances  which  do  participate  to  function  In  an  optima! 
fashion. 

The  only  other  carbohydrate  metabolites  that  have  been  used  to  measure  stress  are  lactate  and 
pyruvate.  Blood  levels  of  the  latter  constituents  are  not  as  markedly  elevated  in  stress  as  that  of 
glucose,  due  presumably  to  their  involvement  In  the  aforementioned  Increase  In  glycogenesis. 

Protein  and  Other  Nitrogenous  Metabolites 

Another  major  influence  exerted  by  the  glucocorticoids  which  might  be  reflected  by  non-hornone 
metabollties  is  upon  protein  or  nitrogen  metabolism.  Here,  as  in  carbohydrate  metabolism,  cortisol's 
action  is  quite  substantial,  two  diametrically  opposing  influences  converge  to  bring  about  what  has  been 
termed  the  translocation  of  body  proteins.  One  Influence  is  reflected  by  t  a  net  loss  of  skeletal  muscle 
mass  (primarily  protein),  whereas  the  other  Involves  the  use  of  the  liberated  amino  acids  for  the  synthesis 
of  other  proteins.  With  respect  to  the  loss  of  skeletal  muscle  protein,  the  term  net  loss  is  used  because 
it  has  not  been  determined  for  certain  whether  the  loss  results  from  an  inhibition  of  the  anabolic  phase 
of  muscle  protein  metabolism  with  no  change  in  the  catabolic  phase,  or  no  change  in  the  anabolic  phase 
with  an  Increase  in  the  catabolic  phase,  or  a  combination  of  the  two.  Cortisol’s  stimulatory  effect  on 
protein  synthesis  is  noteworthy  in  two  respects:  namely,  the  proteins  are  principally  enzymes,  and  the 
enzymes  are  principally  those  Involved  in  the  aforementioned  stress-sensitive  mechanisms  of  glvcogeno- 
lysls,  glycolysis,  and  gluconeogenesls.  There  is  no  evidence  that  any  of  these  increments  in  protein 
synthesis  have  been  utilized  to  quantify  the  metabolic  Influence  of  cortisol  (and  of  stress). 

The  quantities  of  the  newly  synthesized  enzymes  are  substantially  less  than  the  quantity  of 
protein  lost  from  skeletal  muscle.  This  imbalance  Is  primarily — but  not  entirely — responsible  for  the 
negative  nitrogen  balance  which  is  another  well-established  characteristic  of  the  body's  response  to 
stress.  The  protein  nitrogen  from  skeletal  muscle  not  utilized  for  enzyme  synthesis  appears  in  the  urine 
in  two  forms.  One  form  is  actually  an  unmodified  form  as  certain  of  the  amino  acids  are  excreted  .-t 
higher  rates.  (See  below.)  The  other  fora  in  which  protein  nitrogen  is  lost  is  urea;  urea  is  produce, 
through  the  aforementioned  gluconeogenesls  process  from  amino  acids  by  the  action  of  several  transaminases 
in  conjunction  with  the  various  eizymes  involved  in  the  so-called  urea  cycle. 

A  rather  small  portion  of  the  increase  in  amino  acid  excretion  is  attributable  to  tbc  higher 
levels  of  amino  acids  in  blood;  a  substantially  greater  portion  of  the  increase  results  from  a  change  in 

the  renal  handling  of  certain  of  :he  amino  acids.  In  this  regard,  it  was  -town  in  a  clinical  study  con¬ 

ducted  more  than  a  decade  ago  thai.  cortisol  lovers  the  threshold  of  five  amino  acids:  those  five  are 
threonine,  serine,  glycine,  alanine,  and  histidine.  These  findings  prompted  this  laboratory  to  launch  a 
feasibility  study  in  197*  to  exam  me  the  usefulness  cf  certain  urinary  amino  acids  as  stress  indices. 

That  effort  utilized  a  chromatographic  method  to  quantify  the  individual  amino  acids  and  a  colorimetric 
method  to  measure  the  amino  acids  collectively  as  amino-nitrogen.  Two  flight-stress  appraisals  have  now 
been  completed  and  a  third  one  in  nearing  completion.  The  results  are  quite  promising.  It  has  been  found, 
for  example,  that  not  only  were  the  name  five  amino  acids  altered  in  the  two  appraisals,  but,  of  even 
greater  importance,  the  five  were  the  very  same  five  found  to  be  cortisol  sensitive  in  ibe  clinical  study, 
it  is  noteworthy  that  those  five  amino  acids  raised  the  sum  of  the  individually  measured  amino  acids  to 
about  the  same  extent  as  the  increase  found  in  the  singly  measured  entity  oi  amino-nitrogen,  [he  latter 

finding  is  of  immense  practical  value  since  it  suggests  that  the  measurement  of  urinary  amino  acids  in 

future  flight-stress  appraisals  can  be  made  using  the  simpler  and  much  less  time-consuming  assay  of 
amino-nitrogen. 


A  small  amount  of  amino  acid  data  collected  from  one  of  this  laboratory's  flight  studies  is 
appended  hereto.  Among  ocher  things,  the  data  reveal  that  urinary  amino  acid  excretion  may  provide  a 
more  sensitive  and  precise  measure  of  stress  than  the  one  which  has  enjoyed  the  greatest  popularity  in 
the  past  (i.e.,  the  urinary  17-01IC?) . 

Another  nitrogenous  contributor  to  the  negative  nitrogen  balance  is  creatine.  It  is  well  known 
that  creatine  occurs  throughout  the  body  but  in  highest  amounts  in  skeletal  muscle  as  a  high-energy  phos¬ 
phate;  very  little  is  normally  excreted  as  such,  but  is  lost  in  the  form  of  its  anhydride,  creatinine,  in  a 
rather  constant  amount.  The  stress-induced  increase  in  creatine  excretion  has  been  attributed  to  its  loss 
from  skeletal  muscle. 

Losses  of  uric  acid  from  the  body  also  contribute  to  the  stress-induced  negative  nitrogen  balance. 
However,  the  particular  body  function  which  is  responsible  for  the  liberation  or  formation  of  this  metabolite 
has  apparently  not  been  demonstrated.  It  is  believed  that  at  least  a  portion  of  the  greater  loss  of  uric 
acid  comes  either  from  lymphoid  tissue  or,  as  alluded  to  earlier,  from  the  destruction  of  lymphocytes  and 
eosinophils  in  circulating  blood.  Losses  of  that  tissue  and  of  those  cells  are  known  to  occur  in  the  stress 
response.  A  portion  of  the  loss  of  lymphoid  tissue  is  reflected  by  its  content  of  the  two  purines,  DNA  and 
RNA;  this  is  noteworthy  since  uric  acid  has  long  been  recognized  as  the  end  product  of  purine  metabolism  in 
man. 

Lipid  Metabolites 

Stress  also  affects  fat  metabolism,  but  usually  to  a  less  extent  than  protein  and  carbohydrate 
metabolism.  The  effects  Include  an  overall  increase  in  the  breakdown  of  lipids  (lipolyeis)  and  a  decrease 
in  their  synthesis  (lipogenesis) ,  both  actions  contributing  to  the  net  increases  seen  in  cholesterol  and 
the  free  fatty  acids  of  plasma.  The  glucocorticoids  are  thought  to  play  primarily  a  permissive  role  in 
these  changes,  optimizing  the  lipolytic  action  of  other  hormones  such  as  the  catecholamines.  In  connection 
with  the  lipolytic  action  of  the  catecholamines,  E  is  as  effective  as  ME  in  increasing  the  blood  levels  of 
the  free  fatty  acids.  Although  not  mentioned  earlier,  the  Influence  of  E  on  blood  glucose  is  much  greater 
than  that  of  NE. 

The  primary  source  of  the  Increases  in  plasma  fatty  acids  and  cholesterol  is  apparently  adipose 
tissue.  It  is  worthy  of  note  here  that  the  aforementioned  loss  of  cholesterol  from  the  adrenal  cortex 
goes  entirely  for  the  accelerated  synthesis  of  the  glucocorticoids,  and  thus  does  not  contribute  to  the 
higher  level  of  cholesterol  in  plasma;  quite  to  the  contrary,  the  increase  in  plasma  cholesterol  is  an 
attenuation  of  an  even  greater  increase — that  attenuation  caused  by  the  replenishment  of  the  depleted 
adrenal  stores  of  that  glucocorticoid  precursor. 

Mineral  Metabolites 

Substances  contained  in  the  final  sub-category  of  non-hormone  metabolites  are  not  really 
metabolites — they  are  el-ctrolytes.  The  two  primarily  involved  in  the  Stress  reaction  are  sodium  (Na)  and 
potassium  (K).  In  this  respect,  stress  causes  a  greater  retention  of  Na  and  a  greater  loss  of  K.  The 
greater  urinary  output  of  K  is  attributed  to  the  loss  of  intracellular  fluid  from  the  breakdown  of  skeletal 
tissue.  The  greater  retention  of  Na,  on  the  other  hand,  is  attributed  to  the  mineralocorticoid  activity  of 
the  glucocorticoids. 

In  addition  to  expressing  the  outputs  of  Na  and  K  separately,  it  is  also  meaningful  to  express 
the  two  as  a  ratio  to  one  another.  Theoretically,  the  ratio  should  have  greater  sensitivity  than  either  of 
the  two  alone  since  it  features  a  numerator  changing  in  one  direction  and  a  denominator  changing  in  the 
ot.cer  direction.  The  customary  usage  is  with  Na  as  the  numerator.  It  is  of  added  importance  to  note  here 
that  an  Informal  report  is  often  required/desired  by  USAF  operational  commanders  a  short  time  after  com¬ 
pletion  of  the  flight  phase  of  a  study.  Such  preliminary  reports  are  generally  based  on  urinary  electro¬ 
lytes  since  their  analysis  by  flame  photometry  is  quite  simple  and  very  rapid. 

Non-hormone  Metabolites  as  Stress  Indices 

In  categorizing  the  non-hormone  metabolites  according  to  the  biologic  specimen  required  for  stress 
appraisal,  their  initial  sub-grouping  remains  essentially  intact.  For  example,  the  fat  and  carbohydrate 
sub-groups  emerge  as  one  group  (blood  indices) ,  whereas  the  nitrogenous  and  mineral  sub-groups  form  another 
group  (urine  indices).  Admittedly,  stresB-induced  changes  in  virtually  all  of  the  constituents  in  this 
grouping  of  urine  Indices  may  also  be  detected  in  blood;  however,  without  exception,  the  altered  blood 
levels  are  usually  neither  as  consistent  nor  as  marked  as  the  corresponding  urine  levels.  Not  all  changes 
among  these  urinary  indices  are  viewed  as  a  mere  amplification  of  the  changes  in  blood.  A  notable  exception 
is  the  level  of  Na  in  the  tvo  fluids.  The  altered  renal  handling  of  this  electrolyte  results  in  a  lower 
level  in  urine  and,  if  anything,  a  higher  level  in  blood. 

For  the  sake  of  completeness,  one  other  group  of  non-hormone  metabolites  Involved  in  the  stress 
response  is  acknowledged;  namely,  those  based  on  the  analysis  of  certain  target  tissues.  Despite  the  fact 
that  changes  in  liver  glycogen,  peripheral  fat,  and  skeletal  muscle  protein  do  occur,  there  is  little 
evidence  to  support  the  use  of  those  tissue  substances  as  stress  indices. 

HOBMOHE  METABOLITES 

The  final  category  of  stress  indices  to  be  considered  here  is  comprised  of  a  goodly  number  of  constit¬ 
uents  as  it  includes  the  various  metabolites  of  the  glucocorticoids  and  catecholamines.  In  a  manner 
analogous  to  the  previous  use  of  biosynthesis  charts  to  discuss  the  hormone  precursors,  the  corresponding 
metabolic  charts  are  used  as  an  aid  in  discussing  the  hormone  metabolites. 
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Figure  5.  Metabolic  degradation  of  glucocorticoids  (cortisol) 

A  small  amount  of  cortisol  is  excreted  in  the  free  form,  but  cortisone  is  not;  instead  it  is 
converted  either  back  to  cortisol  or  to  DHE.  After  their  formation,  the  conjugates  of  THE  and  THF  are 
partly  excreted  as  such  and  partly  converted,  respectively,  to  the  conjugates  of  cortolone  and  cortol. 

The  latter  steroids  are  oxidized  to  the  corresponding  etiocholanolones  which,  in  their  entirety,  are 
excreted  in  urine.  Whereas  all  of  these  metabolites  are  present  in  blood  and  urine,  their  quantities 
in  circulating  blood  are  normally  too  small  to  be  quantified. 

It  is  of  interest  to  compare  the  reactions  shown  in  Figure  5  with  those  involved  in  gluco- 
cortlcolo  synthesis  (Figure  3).  It  was  mentioned  earlier  that  the  synthesis  of  those  hormones,  as  well 
as  the  catecholamine  hormones,  Involve  reactions  which  are  predominantly  hydroxylatlon  In  nature.  In 
contrast.  It  Is  evident  from  Figure  5  that  most  of  the  degradatlve  reactions  Involve  a  chemical  reduction 
(hydrogenation).  For  example,  in  forming  DHE  and  DHF,  the  reduction  Involves  the  addition  of  two  hydrogen 
atoms  and  the  simultaneous  breaking  of  the  double  bond  between  C -/  and  C-5.  Chem.'cal  reductions  elso  occur 
in  the  next  two  reactions,  each  involving  the  replacement  of  a  keto  group  with  a  hydroxy  group  and  each 
resulting  In  the  net  gain  of  two  hydrogen  atoms.  The  final  step  Involves  cleavage  i f  the  bond  between 
C-17  and  C-20  and  the  conversion  of  the  hydroxy  group  at  C-17  to  a  keto  group. 

Most  of  these  metabolites  of  cortisol  have  been  used  1”  one  way  or  another  to  quantify  stress. 
Quantification  Is  largely  restricted  jo  urine  samples  and,  although  the  products  can  be  differentially 
measured  by  gas-llquld  chromatography,  a  far  more  popular  procedure  has  been  to  measure  them  colorlmetrlc- 
ally  as  a  group  (widely  referred  to  as  the  l/'-hydroxyccrticosterolds  or,  more  simply,  17-OHCS).  All  but 
two  of  the  steroids  depicted  In  Figure  S  have  a  hydroxy  group  at  C-17.  The  other  two  have  a  keto  group 
on  that  carbon;  consequently,  they  can  be  measured  along  with  metabolites  of  other  hormones  (Including 
aldosterone  and  the  sex  hormones)  as  a  group  known  collectively  as  the  17-ketosterolds  (17-KS).  Stress 
has  little  or  no  effect  on  this  group  of  steroids. 


Metabolic  Degradation  of  Catecholamines 


The  pathways  by  which  the  catecholamine  hormones  are  metabolized  i~  man  are  summarized  In  Figure 
6.  As  Illustrated,  E  and  NE  are  either  methylated  to  form  the  corresponding  methoxy  derivative  (metane- 
phrine  and  normetanephrlne,  respectively)  or  oxidatively  deamlnated  to  form  dlhydroxymandelic  acid  (HHA). 

The  methylation  reaction  Is  catalyzed  by  the  enzyme  catechol-O-methyl-tranjf erase  (COMT)  and  occurs  rapidly, 
whereas  the  ottar  reaction  Is  catalyzed  by  monoamine  oxidase  (MAO)  and  la  a  much  slower  one.  Both  enzymes 
are  present  In  most  tissues,  particularly  In  the  liver  and  the  intestines.  Regardless  which  of  the  two 
reactions  occur  first,  the  catecholamines  are  degraded  to  the  common  metabolite  vanlllylmandelic  add  (VMA). 

In  addition  to  contributing  to  the  formation  of  VMA,  metanephrine  (MN)  and  normetanephrlne  (HMD) 
participate  In  two  other  reactions.  In  one  reaction  the  two  methoxy  derivatives  are  converted  to  their 
corresponding  conjugated  form  (as  glucuronldes  and/or  sulfates);  in  the  other  they  are  converted  to  a 
phenyl  glycol  by  way  of  the  aldehyde  of  VMA. 


Figure  6.  Metabolic  degradation  of  catecholamine  hormones 

Of  the  catecholamine  metabolites  shown  In  Figure  6,  VMA  Is  not  only  the  one  excreted  In  the 
greatest  amount,  but  Its  output  greatly  exceeds  that  of  the  free  catecholamines  themselves.  For  example, 
the  normal  24-hour  excretion  of  E  and  NE  Is  about  6  and  30  ug,  respectively,  wheress  the  average  dally 
cutput  of  VMA  usually  exceedn  700  Jg. 

the  numbers  shown  In  parentheses  In  Figure  6  are  percentages  and  denote  the  relative  amounts  of 
these  metabolites  that  appeared  In  urine  after  administration  of  a  known  amount  of  radio-tagged  E.  These 
data  show  that  VMA  is  the  major  metabolite  of  E  In  man.  It  is  noteworthy  that  only  about  3X  of  the  original 
E  was  excreted  unchanged.  A  review  of  the  literature  did  not  reveal  comparable  data  for  lsotoplcally  admin¬ 
istered  NE. 

Catecholamine  Metabolites  as  Stress  Indices 

With  respect  to  their  utility  as  stress  indices,  the  metabolites  of  the  catecholamine  hormones 
have  apparently  not  been  used  as  successfully  as  have  the  glucocorticoid  metabolites.  A  factor  contributing 
to  that  lack  of  success  Is  undoubtedly  the  marked  Influence  which  the  diet  has  upon  the  excretion  of  those 
metabolites — particularly  of  VMA. 

SUXiARY  OF  BIOCHEMICAL  STRESS  INDICES 


As  an  appropriate  conclusion,  the  body  constituents  listed  in  Table  I  provide  a  summary  of  the  stress 
indices  discussed  up  to  this  point.  The  placement  of  a  symbol  in  a  particular  column  Indicates  the  type  of 
specimen  used  tor  assay  and  the  nature  (direction  ar.d  approximate  magnitude)  of  the  stress  response.  The 
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TABLE  I.  Staaury  of  Biochaalcal  Stress  Indices 


FLIGHT-STRESS  MOKATOR 


£< 

ll 

§a 

xs 


lENZ 


1.  CORTKOTROPHMRELEASMGFACTOR - 

2.  ADRENOCORTKOTROPHK  HORMONE - 

3.  CORTISOL - 

4.  CORTICOSTERONE - 

5.  EPINEPHRINE - 

^NOREPINEPHRINE - 

7.  ASCORBIC  AC» - 

8.  CHOLESTEROL - 

9.  PREGNENOLONE - 

10.  PROGESTERONE - - 

11.  110C0XVC0RTIS?L - - 

12.  llDE  OXYCORTKOSTERONE - 

13. 17-HVDROXVPREGNENOLONE - 

14. 17HY0R0X  YPROCESTERONE - 

15. 20-HYOROXYCHOLE  STEROL - 

IS.  PHENYLALANINE - 

17.  TYROSINE - 

18. D0PA - 

19.  DOPAMINE - 

20.  OOPAMMEiff-HVOROXVlASE - 

21  PROTEIN,  MUSCLE - 

22.  FAT.  ADIPOSE - - 

23.  GLYCOGEN - - 

24.  GLUCOSE  - - - - - 

25.  LACTATE . . . 

26.  PYRUVATE . . . 

27.  FREE  FATTY  ACIDS - - 

21.  UREA . - - - - 

29.  URIC  ACIO - - - 

30.  CREATINE- . . . 

31.  ALANINE- . - . 

32.  GLYCINE - - - 

33.  HtSTHNNE - - 

34.  SERINE- - - - 

35.  THREONINE - 

36.  AMINO-NITROGEN - - - 

37.  PHOSPHORUS - - 

38.  SODIUM - - - 

39.  POTASSIUM-- . - . 

40.  METANEPHRINE - 

41.  METANEPHRINE  (CONJUGATED!  — . — 

42.  NORMETANEPHRME - - - 

43  NORMETANEPHRME  (CONJUGATED) - 

44.  DIHYDROXYMANCCLIC  ACIO - 

45  VAKH.LVL  MANDELIC  ACIO - 

46  VANH.LYL  MANDELIC  ALDEHYDE - 

47.  CORTISONE - 

46.  DIHYDROCORTISONE  - - - 

49.  DIHYDROCORTISOL - — 

50.  TETRAHVOROt  (CONJUGATED) - - - 

51.  TETRAHYDRO  F  (CONJUGATED) - 

52.  CORTOL  (CONJUGATED) - 

53  CORTOLONE  (CONJUGATED) . . 

54  HVORUXVETIOCHOUHOLONE  (CONJUGATEO)- 

55.  OXOETIOCHOLANOLONE  (CONJUGATED  I- - 

or  17HVDROXYCORTICOSTEROIOS - 


QUANTIFIABLE  INCREASE 
PROBABLE  INCREASE 
QUANTIFIABLE  DECREASE 
PROBABLE  DECREASE 


ASSAYS  CURRENTLY  PREVIOUSLY  INCLUDED  IN  VN  STRESS  BATTERY  OF  MOKES. 
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upward  and  downward  pointing  arrows  indicate  that  the  typical,  uncomplicated  raaponse  if  a  quantifiable 
Increase  and  decrease,  respectively;  the  plus  and  alnua  signs  denote,  respectively,  an  Increase  and 
decrease  which  may  be  small  and  perhaps  insignificant. 

Perhaps  the  most  obvious  feature  is  the  preponderance  of  plus  signs  and  upward-pointing  arrows. 

Many  of  the  arrows  and  pluses  reflect  increases  in  both  the  secretion  and  subsequent  breakdown  of  the 
stress  hormones;  many  others,  however,  reflect  the  hypercatabollc  state  to  which  snst  body  functions 
are  raised  by  the  stress  hormones. 

Another  point  of  interest  is  that  about  half  of  the  constituents  au  characterised  by  significant 
Increases  in  urinary  output  but  by  only  borderline  Increases  'a  blood  concentration.  This  finding  sug¬ 
gests  that  many  of  the  hormone  metabolites  and  nonhormon*  metabolites  are  discharged  s-owly  and  in  small 
quantities  from  the  various  tissue  sites  so  that  increases  in  their  quantities  in  circulating  blood  are 
scarcely  detectable,  but  yet  the  cu-julative  Increase  in  their  quantities  in  urine  is  readily  quantifiable. 

It  is  unnecessary  to  deal  lrdivldually  with  the  various  symbol  assignments  given  in  Table  I  because 
the  basis  for  most  has  already  ’.een  discussed.  It  is  worthwhile,  however,  to  acknowledge  and  clarify 
symbols  assigned  three  of  the  indices.  The  slight  increases  indicated  for  blood  levels  of  phenylalanine 
and  tyrosine  do  not  reflect  r:ress-induced  changes  in  catecholamine  synthesis  but  in  skeletal  protein 
catabolism  (as  do  the  other  f :-.ve  amino  acids  on  the  list),  it  is  especially  noteworthy  that  the  qualita¬ 
tive  makeup  of  steroids  contributing  to  stress-induced  increases  in  blood  17-OHCS  and  urine  17-OHCS  is 
different;  cortisol  is  the  major  17-OHCS  in  blood  but  is  perhaps  the  oi  a  of  least  importance  in  urine. 

BATTERY  OF  URINARY  STRESS  INDICES 


As  a  final  point  pertaining  to  information  summarized  in  Table  I,  attention  is  directed  to  notations 
appearing  under  the  column  on  the  far  right-hand  side  of  the  table.  Indices  which  either  have  been  or  are 
currently  used  for  stress  appraisals  conducted  by  personnel  of  this  laboratory  are  identified  by  check 
marks;  this  grouping  comprises  what  has  frequently  been  termed  the  Hale  battery  of  urinary  stress  indices — 
a  token  tribute  (reference)  to  the  pioneering  efforts  of  Dr.  H.  B.  Hale.  Check  marks  accompanied  by  single 
and  double  asterisks  Identify  those  indices  that  were  dropped  from  the  battery  either  immediately  after  a 
preliminary  feasibility  study  (creatine  and  VMA)  or  after  subsequent  application  to  a  flight  study  (uric 
acid  and  phosphorus).  As  noted  in  the  table,  a  study  is  currently  underway  to  determine  the  feasibility  of 
quantifying  flight-stress  by  differentially  measuring  the  individual  17-OHCS  in  urine. 

QUESTIONS/ANSWERS  ON  USE  OF  THIS  BATTERY  OR  URINARY  STRESS  INDICES 

Perhaps  the  most  frequent  question  asked  is  why  base  the  stress  appraisal  on  a  specimen  so  problemati¬ 
cal  as  urine?  Why  not  base  it  on  assays  of  the  stress  hormones  in  blood.  Tha  two  most  apparent  and  impor¬ 
tant  answers  to  these  questions  are  given  here. 

The  first  reason  is  a  fairly  obvious  one — that  being  the  requirement  for  blood-letting.  In  this  con¬ 
nection,  it  was  found  from  flight-stress  appraisals  conducted  in  the  ’50s  that,  due  partly  to  operational 
restrictions  and  partly  to  subjective  feelings  against  venipunctures,  it  was  not  always  possible  to  obtain 
Mood  samples  from  the  flight  crews  being  evaluated.  It  was  actually  this  difficulty  that  ultimately  led 
to  the  search  for  stress  indices  in  urine.  The  results  of  the  final  flight-stress  appraisal  based  on  blood 
hormones  (plasma  cortisol)  were  published  in  the  late  'SOs.  Since  that  time,  all  our  flight-stress  apprai¬ 
sals  have  utilized  urinary  measures. 

The  second  reason  is  that,  in  at  least  one  respect,  it  is  even  more  advantageous  to  use  urinary  indices 
than  blood  Indices.  For  example,  stresses  encountered  during  prolonged  flights  will  likely  be  reflected  by 
urine  variables  but  not  necessarily  by  blood  variables.  This  would  be  particularly  true  to  stresses  occur¬ 
ring  early  in  flight.  Th*  stress  hormones  have  a  relatively  short  half-life  in  circulating  blood,  ranging 
from  about  two  minutes  to  slightly  more  than  an  hour. 

A  second  series  of  questions  is  why  Include  such  a  large  number  of  urinary  indices  in  the  battery? 

Why  not  restrict  the  appraisal  tu  assays  of  urinary  hormones— particularly  cortisol,  E,  and  NE?  What 
added  information  can  be  gained  by  measuring  the  urinary  output  of  hormone  metabolites  and  nonhormone 
metabolites?  These  are  very  pertinent  questions,  and  some  of  the  more  accept  ble  answers  are  given  here. 

A  good  reason  for  not  basing  the  appraisal  on  the  urinary  output  of  just  the  stress  hormones  is  that 
thair  excretion  is  not  only  a  very  small  portion  of  that  which  had  contributed  to  their  hiRh  level  in  blood, 
but  their  output  is  also  very  small  compared  to  the  output  of  their  metabolites.  It  hae  'ong  been  known 
that  free  cortisol  makes  up  less  than  2X  of  the  entire  17-OHCS  fraction  (in  urine),  the  roulnder  being 
cortisol  metabolites.  Also,  as  mentioned  earlier,  only  about  3Z  of  administered  E  appears  in  urine  as  such, 
the  remainder  being  metabolites  of  E.  The  same  is  presumably  true  for  NE.  Since  the  metabolites  of  these 
hormones  are  excreted  in  much  greater  quantities  than  the  hormones  themselves,  they  <ffer  a  more  sensitive 
measure  of  hormone  excretion. 

At  least  two  reasons  can  be  given  for  including  nonhormone  metabolites  in  the  stress  battery.  First, 
marked  changes  in  their  urinary  output  provide  good  Information  as  to  the  impact  of  the  stressor  upon  the 
target  tissues  from  which  they  originate.  Second,  the  stress-induced  increases  in  the  urinary  output  of 
many  nonhormone  metabolites  are  several  times  greater  than  che  hormones  that  caused  their  formation  or 
release.  This  is  analogous  to  the  comparison  made  earlier  between  the  secretion  of  hormones  from  the 
hypothalamus,  the  anterior  pituitary,  and  the  adrenal  cortex;  expressed  differently,  plcogram  quantities 
of  the  hypothalamus  hormone  (CRF)  causes  the  secretion  of  nanogram  quantities  of  ACTH  which,  in  turn, 
causes  the  secretion  of  microgram  quantlt'ts  oi  cortisol.  Taking  this  comparison  one  step  further,  the 
microgram  quantities  of  cortisol  causes  the  excretion  (not  secretion)  of  milligram  quantities  of  such 
substances  as  urea. 

Another  question  concerns  the  quantitative  base  for  expressing  urinary  data;  what  is  the  base  and  why 
was  it  chosen? 


-  *  ^  - ^  aakMi^ai  —  -  -  -  _  - - 
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Although  blood  hormones  at*  usually  axpraaaad  as  concantratlon  (l.e. ,  as  a  quantity  par  voluaa  of 
blood),  this  is  a  virtually  meaningless  axprasslon  for  urinary  conatltusnta  alnca  the  water  content  of 
urine  Is  perhaps  the  constituent  which  la  subject  to  the  widest  variations. 

The  nest  possibility  would  be  to  express  urinary  data  as  excretion  ratea  (l.e. ,  as  a  quantity  per 
unit  of  tine),  which  Is  the  one  scat  widely  used.  This  expression  was  initially  selsctsd  for  our  flight- 
stress  studlss.  However,  it  was  subsequently  found  that  many  urlr.e  samples  collected  from  flight  person¬ 
nel  had  to  be  discarded  (without  analysis)  because  essential  time  Information  covering  the  period  of 
collection  could  not  be  ascertained.  This  difficulty  occurred  primarily  in  the  collection  of  pref light 
specimens,  resulting  from  the  failure  of  the  men  to  record  the  beginning  time  of  that  'Election  period 
(l.e.,  when  the  Immediately  preceding  urination  occurred).  Difficulties  of  this  nature  were  also  experi¬ 
enced  during  prolonged  flights  In  which  the  subjects  collected  their  own  urine  samples  periodically  during 
flight  but  would  not  always  record  the  collection  time. 

Instead  of  uslTig  excretion  rates,  the  output  of  each  urinary  variable  may  also  be  expressed  In  terms 
of  a  urinary  constituent  which  Is  least  affected  by  altered  physlolog'c  function.  The  literature  Indicates 
that  creatinine  la  the  least  Influenced  of  the  urinary  constituents.  Along  with  Its  advocates,  the  use  of 
creatlnlnc-based  ratios  also  has  Its  critics.  In  the  case  of  our  studlss,  comparisons  have  shown  that 
urinary  data  expressed  as  creatlnlne-based  ratios  generally  have  smaller  coefficients  than  the  seme  output 
data  expressed  as  excretion  rates.  This  la  a  particularly  welcomed  finding  in  view  of  the  rather  wide 
fluctuations  which  characterise  urinary  excretion  patterns. 

Other  valid  questions  concern  the  acquisition  of  contradictory  data  among  the  stress  Indices.  Why  do 
they  occur  and  bow  can  they  be  interpreted!  There  are  no  simple  answers  to  these  very  Important  questions. 
However,  a  few  factors  which  may  aid  in  the  Interpretation  of  conflicting  findings  are  given  here. 

First,  one  must  give  due  consideration  to  the  known  or  suspected  stressors  which  are  under  study. 

Most  of  the  Indices  discussed  up  to  thla  point  ere  Involved  In  the  stereotyped  stress  reaction  which  Selye 
calls  the  non-specific  reactions — non-specific  because  any  stressor  hsvlng  the  Intensity  to  trlgfbr  the 
Alarm  Keactlon  will  activate  the  stereotyped  response.  Distinctly  separate  from  that  response,  each 
stressor  usually  produces  a  set  of  specific  reactions  in  the  body  which  la  peculiar  to  that  particular 
stressor.  For  example,  exposures  to  heat  and  cold  activate  the  Alarm  Inaction  and,  thus,  the  non-specific 
rsaction;  however,  sweating  Is  one  of  tu-.  specific  responses  to  heat  just  as  shivering  Is  to  cold.  Since 
the  stereotyped  reaction  manifests  Itself  throughout  the  body.  It  Is  a  virtual  certainty  that  many  of  its 
features  are  modified  to  a  greater  or  lesser  extent  by  components  of  the  simultaneously  occurring  specific 
reactions. 

In  addition  to  viewing  a  stress  response  as  an  admixture  of  specific  and  non-specific  reactions  or  as 
an  Interaction  between  two  or  more  stressors.  It  Is  perhaps  of  equal  Importance  to  consider  the  inter¬ 
action  that  results  when  r.n  Individual  adapted  (or  acclimated,  c-customsd,  etc.)  to  one  stressor  is  acute¬ 
ly  exposed  to  another  stressor.  This  circumstance  relates  to  such  other  broad  areas  In  the  field  of  Stress 
Physiology  as  Chronic  Stress  and  Cross-adaptation.  Moreover,  It  Is  Inappropriate  to  discuss  here  how  these 
factors  might  Influence  the  "uncomplicated”  stress  response  summarized  in  Table  I. 

Another  factor  to  consider  In  explaining  inconsistencies  among  stress  data  is  the  time  Interval 
between  the  stressful  event  and  the  collection  of  the  urine  sample  for  analysis.  Data  collected  to  date 
suggest  that  post-flight  urine  samples  should  not  be  collected  until  at  least  two  hours  after  completion 
of  a  flight  mission.  Unfortunately,  It  is  not  always  practical  to  keep  flight  crews  around  long  enough  to 
satisfy  this  requirement.  The  lag  of  two  hours  Is  not  just  for  the  passage  of  the  various  constituents 
from  blood  to  urine;  reactions  resulting  In  the  formation  of  many  of  the  urinary  Indices  continue  long 
Into  the  recovery  period.  For  example,  after  cortisol  has  exerted  Its  many  Influences  throughout  the 
body.  It  then  passes  Into  the  liver  where  it  Is  rather  slowly  degraded  to  its  metabolites  (the  17-OHCS). 
Urea  formation  Is  even  slower  since  It  depends  on  two  stepwise  and  relatively  slow  reactions,  those  being 
the  breakdown  of  muscle  protein  and  the  subsequent  conversion  In  the  liver  of  the  liberated  amino  acids 
Into  urea. 

Tlme-of-day,  season-of-year,  and  the  diet  also  have  substantial  effects  on  the  output  of  most  of  the 
urinary  constituents  Including  those  used  as  indices  of  stress. 
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PANT  II 

ILUISTXATIVE  FLIGHT  STUDY 


Biochemical  data  obtain ad  from  a  field  study  termed  Operation  Phantom  Flame  are  Interesting  in  several 
respects.  First,  f.~e  results  were  of  a  nature  which,  at  least  Initially,  were  somewhat  difficult  to  Inter¬ 
pret.  Next,  the  opportunity  was  taken  In  that  study  to  determine  the  usefulness  of  certain  urinary  varia¬ 
bles  which  bsd  not  been  Included  In  earlier  flight  stress  appraisals  but  whose  outputs  had  been  shown  In 
clinical  studies  to  be  sensitive  to  stress.  Also,  the  results  clearly  reveal  the  Importance  and  necessity 
of  conducting  appropriate  baseline  studies  to  Identify  and  quantify  the  predisposition  of  experlissntal  sub¬ 
jects  to  known  or  suspected  envlr one ental/psycholog leal  factors.  These  and  other  features  of  this  study 
are  dlscusaed  below. 

To  give  a  brief  overview  of  the  study.  Operation  Fhantoa  Flaae  was  undertaken  to  qusntlfy  the  physio¬ 
logic  and  performance  effects  of  hot,  low-lsvnl  flight  In  the  IF- AC.  To  accomplish  this  objective,  the 
following  factors  capable  of  modifying  cockpit  temperature  were  examined:  (1)  crew  position,  l.e.,  rear- 
seater  versus  front-seater,  (2)  forenoon  versus  afternoon  missions,  (3)  flights  at  predominantly  high 
versus  low  altitudes,  and  (4)  flights  In  the  summertime  versus  wintertime.  It  was  especially  advantageous 
that  the  flight  phase  of  this  study  was  carried  out  at  Shaw  AFB  SC  a*  ma..l=2l  outdoor  temperatures  In  that 
locale  were  quite  high  In  the  sunwr,  but  were  relatively  mild— not  cold— In  the  winter.  All  subjects 
were  undergoing  training  In  the  IF-4C  and  all  missions  were  of  a  reconnaissance  nature,  usually  not 
exceeding  90  minutes.  In  addition  to  collecting  urine  from  the  aircrews  before  and  after  flight,  urine 
was  also  collected  from  swat  of  the  men  at  approximately  the  same  times  of  day  on  a  nonflying  day. 

Before  discussing  the  biochemical  data.  It  is  of  Interest  to  touch  briefly  on  other  findings  of  this 
study.  For  example,  the  Impact  of  high  cockpit  temperature  on  mission  accosqillshment  Is  clearly  attested 
to  by  the  combined  findings  that,  percentagewise,  more  targets  were  missed  and  more  missions  were  deemed 
unsuccessful  In  the  summer  than  in  the  winter.  Also,  as  might  be  expected,  cockpit  temperature  was,  on 
the  average,  more  than  10°F  higher  during  suamer  than  winter  flights,  and  sweat  loss  was  accordingly  much 
greater  In  the  summer  than  In  the  winter— particularly  during  low-level  flights  In  the  afternoon.  Inflight 
ECC  data  failed  to  reveal  the  occurrence  of  gross  arrhythmias  In  either  season,  but  did  show  heart  rates  to 
be  10-to-20  beats  per  min.  higher  during  summertime  flights.  Although  all  conditions  of  flight  signifi¬ 
cantly  Increased  subjective  fatigue,  variations  between  seasons,  time  of  day,  level  of  flight,  or  crew 
position  were  not  differentiated.  Finally,  sleep  histories  revealed  that  the  aen,  perhaps  by  virtue  of 
balng  F-4  trainees,  got  significantly  less  sleep  the  night  before  flights  at  low  level  than  at  high  level. 
Tide  evidence  of  anticipatory  stress  Is  strengthened  by  some  of  the  biochemical  data. 

A  aumbry  of  the  biochemical  data  is  presented  In  Table  II.  It  la  noted  that  the  data  are  delineated 
only  with  respect  to  season  and  flight  level;  statistical  analysis  failed  to  Identify  tlme-of-day  and  crew 
position  as  Influential  factors.  It  Is  also  noted  that  the  last  two  urinary  variables  tabulated  here  are 
the  ones  alluded  to  earlier  as  being  examined  In  this  study  for  stress  sensitivity.  Both  of  these  varia¬ 
bles  reflect  free  amino  acid  excretion;  In  the  one  case,  the  20-odd  amino  acids  were  quantified  individu¬ 
ally  and  their  quantities  then  summed,  whereas  In  the  other  measure,  they  were  quantified  as  a  single 
entity.  To  touch  briefly  on  why  both  measures  were  Included  In  this  study,  one  reason  was  to  ascertain 
which.  If  any,  of  the  amino  acids  contributed  to  the  previously  demonstrated  stress-induced  Increase  In 
urinary  nltrogon.  The  reason  fur  Including  the  amino-nitrogen  was  primarily  aimed  at  future  flight- 
stress  sppraiaala;  namely,  should  the  differencial  assay  of  the  Individual  amino  acids  prove  certain  ones 
to  be  sensitive  to  stress.  It  was  deemed  Important  to  ascertain  whether  or  not  that  sensitivity  might 
also  be  reflected  by  the  single  nee sure  of  amino-nitrogen,  which  requires  much  less  time  and  Instrumen¬ 
tation  than  the  chromatographic  method  required  for  the  assay  of  the  Individual  amino  acids. 

With  respect  to  tbs  means  appearing  la  Table  II,  attention  Is  first  called  to  the  apparent  failure 
to  find  statistically  significant  pre-to-postflight  changes  In  the  output  of  epinephrine,  sodium, 
potassium,  and  the  sodium: potassium  ratio  (Ka/K).  It  Is  not  unusual  to  find  that  these  urinary  indices 
do  not  uniformly  agree  as  to  the  presence  or  absence  of  stress,  and  that  Is  one  of  tbs  reasons  for 
Including  several  measures  In  the  stress  battery.  In  contrast  to  that  failure,  rather  clear  cut  changes 
were  found  In  the  excretion  of  the  other  urinary  constituents,  some  of  which  were  of  a  substantial  mag¬ 
nitude  and  of  statistical  significance.  It  Is  especially  noteworthy  that  the  postflight  changes  were 
qualitatively  Identical  and  quantitatively  similar. 

The  bar  graphs  presented  in  Figure  7  not  only  show  the  very  close  agreement  between  the  two  measures 
of  amino  acid  excretion  and  between  the  five  amino  acids  which  clinical  studies  revealed  were  stress- 
sensitive,  but  they  also  show  the  qientitatlve  relationship  between  the  pre-to-poetfllght  changes  In  the 
output  of  those  urinary  constltuan's  to  the  six  experimental  test  circumstances.  As  noted  by  the  verti¬ 
cal  scales,  the  bars  show  the  direction  and  magnitude  of  those  changes.  The  uownwsrd  projection  of  an 
overwhelming  majority  of  the  bars  Indicates  flight-induced  decreases  la  excretion.  It  Is  also  noted 
that  the  bars  are  arranged  in  an  order  of  from  1  to  i,  with  1  being  deemed  the  least  stressful  test 
circumstance  and  6  as  the  most  stressful.  This  ranking  of  flight  circumstances  will  be  dealt  with  la 
greater  detail  later.  Also,  as  this  graphical  presentation  of  data  Is  shown  here  merely  to  demonstrate 
the  close  agreement  between  the  two  measures  of  amino  acid  excretion,  there  Is  no  need  to  dwell  further 
with  this  form  of  the  data. 

In  turning  attention  back  to  the  data  In  Table  II,  the  finding  of  gtod  agreement  between  the  17- 
08CS,  the  amino  acid,  and  the  urea  data  are  looked  upon  with  favor  as  their  outputs  have  previously  been 
shown  to  be  Influenced  by  the  blood  cortisol  level,  which.  In  turn,  reflects  adrenocortical  function. 

The  finding  of  post! light  decreases  In  their  outputs,  however,  was  not  Initially  viewed  with  such  favor 
since  the  hypoedrenocortical  activity  which  they  uniformly  signified  was  exactly  the  opposite  from  what 
might  have  been  deduced  from  certain  physiologic  measures  made  during  flight,  from  mission  performance 
assessments,  and  from  subjective  fatigue  data  obtained  directly  from  the  men  themselves.  To  summarise 
briefly  those  other  findings,  low-level  flights  were  more  stressful  than  those  at  high  level,  and  mis¬ 
sions  flown  in  the  summer  were  categorically  more  stressful  than  those  in  the  winter.  Obviously,  to 
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ncMeili  tkoee  uNNMti  lfitk  the  Miekalul  data,  cm  «nU  mW  to  mnUIn  eltker  tke  later) lay  of 
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of  oa  eauaaal  aatara. 

TAILS  It 

Uockaleal  Strooa  Uicoat  Oyer  at  too 


Vrlaary 

Varlakla 

17-0BC4 

Draa 

Mia 


Water 


■a/t 

■ylaoykrlaa 


Aalao  Ac 14 


Craaa4-Layal 
laltlal 


■ltrogoa 


Viator 


312 

202 

1S2 

0.44 

7.94 

4.44 

1.94 

2.37 

2.32 

0.75 

0.0S 

3.92 

3.44 

S.04 

3.44 


itaa  Flaae 

lak-Laaal 


Ua-Loaol 


Tlaal 

Sefore 

After 

i 

After 

300 

429 

397 

431 

344** 

347 

343 

324** 

337 

349 

211 

194 

144 

zS4 

210** 

134 

141 

149 

147 

140 

11.42 

10.44 

11.34 

11.14 

4.34 

4.72 

11.24 

12.92 

12.90 

13.44 

3.14 

4.34 

4.44 

4.32 

3.34 

3.02 

4.34 

4.34 

4.90 

4.44 

2.31 

2.34 

2.42 

2.41 

2.34 

1.94 

2.71 

3.14 

3.04 

3.73 

1.21 

1.19 

1.23 

1.34 

1.42 

0.74 

0.44 

1.01 

0.93 

1.00 

3.34** 

3.99 

2.90*** 

4.34 

3.19**< 

3.32 

4.19 

3.71** 

4.33 

3.30** 

4.47 

4.40 

3.49** 

5.27 

3.70**< 

3.44 

4.49 

4.31 

3.13 

4.47 
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While  either  or  both  of  those  explanations  nay  account  for  the  apparent  disparity,  there  is  et  leest  one 
other  explanation  lAich  is  hoth  attractive  end  logical,  basely ,  it  is  conceivable  that  the  sen  may  have 
been  predisposed  by  the  encounter  of  one  or  sere  stressors  shortly  before  flight.  When  viewed  in  this 
light,  the  postflight  decreases  would  no S  bo  aeon  as  am  unusual  response  to  stress,  but  as  the  norwal 
recovery  fros  stress.  Moreover,  the  nagnltude  of  those  decrasaes  would  reflect  the  relative  extent  to 
which  the  sen  had  recovered  fros  that  preflight  .ureas. 

The  finding  in  each  season  that  excretion  data  fros  the  second  sanple  collected  on  flight  days 
(postflight)  were  quantitatively  slnllar  to  data  fros  the  second  sasple  on  nonflying  days  is,  in  itself. 
Indicative  that  the  sen  were  about  as  etressfree  after  flight  as  when  they  had  nerely  rasalned  In  the 
air  conditioned  laboratory.  Another  hint  that  the  sen  were  predisposed  by  at  least  one  preflight  stressor 
is  seen  by  cosparing  seasonal  differences  in  ground-level  data,  particularly  the  anlno  acid  eusa  (Table 
II).  In  that  exesple,  the  finding  of  a  significant  drop  In  aslno  acid  excretion  In  the  second  sanple 
collected  in  the  swser  but  not  la  the  winter  strongly  points  to  an  Influence  other  than  circadian 
rbythaiclty.  To  reconcile  those  seasonal  differences,  one  sight  view  the  sen  exaulned  on  the  nonflying 
"tenperete"  days  of  winter  as  being  essentially  free  of  stress,  and  view  those  exeslned  on  nonflying  days 
In  the  heat  of  sunser  as  senlfestlng  signs  of  heat  stress  upon  first  reporting  to  the  laboratory  for  col¬ 
lection  of  the  initial  urine,  but,  by  waiting  in  that  air  conditioned  facility  for  approxlnately  four 
hours  to  give  their  second  sasple,  they  would  have  had  sufficient  tine  for  recovery  fros  that  heat  expos¬ 
ure. 

The  likelihood  that  the  F-4  trainees  were  predisposed  by  at  least  one  preflight  stressor  led  to  a 
r devaluation  of  the  Fheaton  Flase  data — this  tlse  United  only  to  preflight  and  Initial  ground-Wel  data. 
As  shown  in  Table  HI,  six  sets  of  data  were  Involved  In  that  further  evaluation.  For  the  analysis.  It 
wss  necessary  to  Identify  the  set  which  reflected  the  soot  etressfree  clrcusstance.  and  then  cospare  that 
set  with  the  other  five  secs.  As  sectioned  In  the  preceding  paragraph,  the  sen  exeslned  at  ground-level 
In  the  winter  were  regarded  as  being  the  neat  etressfree.  Accordingly,  the  notations  of  significance 
shown  in  Table  III  identify  those  seana  which  differ  sign If leant ly  fros  the  corresponding  winter  (Phase 
II)  grouad-level  seen.  The  results  of  this  analysis  offer  strong  and  couponing  support  for  the  view 
that  the  sen  exeslned  In  this  study  were.  Indeed,  exposed  to  preflight  stressors.  In  every  Instance 
(Table  III),  the  winter  ground-level  saan  is  substantially  and,  in  wost  cases,  significantly  loos  than 
the  other  v-wos.  Moreover,  it  aeena  sore  than  coincidental  that  all  data  fros  urine  collected  before 
low-level  flight  In  the  sunser  are  not  only  the  fur the  rest  r  moved  fros  baseline  levels,  but  that  the 
significance  of  those  differences  is,  without  exception,  at  the  highest  statistical  level.  Since  the 
sen  senlfestlng  those  highest  preflight  values  would  appear  to  he  stressed  to  the  greatest  degree,  it  Is 
only  reasonable  to  aaauae  that  their  subsequent  recovery  fros  that  stress  would  be  characterised  by  the 
greatest  drop  In  excretion  rates.  The  poatf light  data  In  Table  II  clearly  and  strongly  support  the 
latter  aasunptlon. 


TAILS  HI. 

"Baseline"  Oats: 

Operation  Fhanton  Plane 

Urinary 

Variable 

Season 

Crouad  Level 

Blah  Level 

Low  Level 

17-OMCS 

T- - 

4*0** 

429** 

451*** 

Winter 

312 

385 

357 

Urea 

1r-,,T 

202* 

194* 

258*** 

W  Inter 

152 

181* 

187* 

Anlno  Acid 

- - 

3.92 

3.99 

4.58** 

(Sun) 

Winter 

3.44 

4.19** 

4.33** 

Anlno 

- - 

s.n* 

4.80* 

5.27*** 

Nitrogen 

Winter 

3. 44 

4.49* 

5.13* 

•  p  0.0S 
**  p  0.01 

seep  0.001 


While  it  le  clear  that  the  nee  exaniaed  in  the  eansrtlne  were  atreeaed  before  flight.  It  does  not 
necessarily  follow  that  the  stressor  was  cl las  tic  beet  alone.  In  this  connection.  It  wee  nan  t lowed  above 
that  the  Intensity  of  preflight  stress  tended  to  be  the  greatest  for  the  nets  la  the  maser  i*o  knew  they 
were  about  to  tela  off  on  missions  at  pradanlaaatly  lower  altitudes;  although  not  abeam  la  Tables  II  or 
HI,  that  tendency  wss  found  to  be  of  otatlatlcal  significance  for  many  of  the  urinary  constituents.  Yet 
another  end  even  wore  obvious  danonatratlcn  that  cllaatlc  beat  wss  not  the  only  preflight  stressor  Is 
given  by  the  winter  data  la  Table  HI.  Without  exception,  the  urinary  conatttuants  were  excreted  In  nuch 
greater  quantities  before  ell  flights  than  on  nooflylng  days.  Furthemore,  of  those  preflight  elevations, 
only  those  of  17-OMCS  felled  to  show  statistical  significance.  Since  cllaatlc  heat  would  sesnlogly  be  of 
little  or  no  consequence  la  the  win  ter  tine.  It  seens  apparent  that  those  preflight  elevations  m  c-'jeed 
by  e  stressor  other  than  heat.  The  possibility  that  the  stress  nay  have  been  caused  by  tanperaturcs  et 
the  other  end  of  the  scale  was  ruled  out  for  several  reasons;  nanely,  (1)  the  anhlent  tanperetures  were 
aet  all  that  low,  (2)  the  wen  could  note  effectively  shield  thsnselves  fron  cold,  and  (3)  cold  could  not, 
of  course,  be  the  second  preflight  stressor  shown  to  he  present  In  the  euaner  date. 

A  stressor  which  could  fully  explain  the  jref light  elevations  In  the  winter  and  et  leest  partially 
explain  those  In  the  sooner  Is  anticipatory  atreaa.  There  la  anplc  reason  to  believe  that  the  acn  nay 
have  been  a  hit  apprehaaalve  since  they  were  undergoing  training  la  an  aircraft  with  which  they  wore  not 
too  faalllar.  Also,  as  neat Ion ad  earlier,  sleep  histories  obtained  iron  those  nan  Indicated  that  sons 
of  than  nay  have  been  predisposed  by  anticipatory  stress.  In  c capering  the  relative  effectiveness  of 
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the  sleep  data  and  urinary  data  to  Identify,  at  laaat  qualitatively,  the  preacnca  of  anticipatory  stress, 
there  la  only  one  aajor  difference  between  what  the  two  signify.  Specifically,  the  urinary  data  eutceat 
that  the  nan  experienced  that  psychologic  atreae  prior  to  flight  at  both  levels  In  both  aeaeona;  In  con¬ 
front,  the  aleep  data  Indicate  that  the  nan  were  predlepoaed  by  anticipatory  atreae  In  both  aeaeona,  but 
only  before  flight  at  the  lower  altltudea. 

Aa  a  final  point  concerning  the  data  In  Table  111,  It  la  enlightening  flrat  to  conpare  the  Magnitude 
of  the  differences  between  those  six  data  e-at«  for  each  of  the  four  urinary  variables,  and  then  to  derive 
a  atresa  Index  frcn  those  differences  diich  might  provide  a  quantitative  estimate  of  the  Intensity  of  the 
two  streescrs — both  singly  and  In  combination.  Accordingly,  the  data  presented  la  Table  IT  show  the  5 
difference  between  the  "atressfree"  baseline  mean  (winter  ground-level)  and  the  mean  for  each  of  the  other 
five  experimental  clrctaetances  for  each  of  the  urinary  variables.  This  presentation  of  the  data  obviously 
lends  itself  more  readily  to  comparing  differences  between  the  experimental  variables  and  between  the 
urinary  variables  than  that  used  la  Table  III.  For  example,  whereas  it  is  difficult  to  compare  the  ug 
dif*  /ranees  in  steroid  excretion  with  the  nmole  differences  in  urea  excretion  (Table  III),  the  relative 
values  la  Table  XV  indicate  that  the  twr;  urinary  variables  were  affected  to  a  comparable  extent  by  the  six 
test  conditions.  The  only  real  difference  between  the  two  la  the  Intensity  of  stress  Indicated  for  the 
circumstance  silch  was  Identified  earlier  as  being  the  most  stressful  of  the  six,  l.e. ,  preceding  low- 
level  flight  a  the  summer. 


TABLE  IV 

"Baseline"  Data  (t  Change) :  Operation  Phantom  Flume 


Urinary 


Variable 

Season 

Ground  Level 

Birth  Level 

Low  Level 

17-OMCS 

e— 

A1 

38 

45 

Winter 

0 

23 

14 

Urea 

Tuemor 

33 

29 

-,n 

Winter 

0 

19 

23 

Amino  Acid 

«■ - r 

14 

:s 

32 

(Sum) 

W Inter 

0 

21 

25 

Amino 

Stmmr 

31 

24 

36 

nitrogen 

Winter 

0 

16 

33 

Mean  of 

Suamer 

30 

26 

46 

Above 

Winter 

0 

20 

24 

Another  and  perhaps  greater  advantage  of  expressing  the  data  In  relative  rather  than  absolute  units  Is 
that  aa  overall  estimate  of  the  stress  Intensity  produced  by  each  of  the  six  test  conditions  can  be  obtained 
merely  by  computing  the  average  of  the  intensities  found  for  the  four  urinary  variables.  Those  average  per¬ 
centages  are  given  In  the  lower  part  of  Table  IV  and  constitute  the  aforementioned  stress  index.  Based  or 
the  use  of  that  Index,  the  following  observations  are  made  concerning  the  relative  strength  of  the  princi¬ 
pal  stressors  vhlch  were  undoubtedly  encountered  before  flight  by  the  Phantoai  Flame  aircrews:  (1)  when 
heat  stress  is  not  accompanied  by  anticipatory  stress,  as  at  ground-level  In  the  suamer.  Its  Intensity  Is 
rather  mild  but  still  significant,  (2)  when  anticipatory  stress  Is  not  accompanied  by  heat  stress.  Its 
intensity  is  about  the  same  as  heat  stress  alone,  and  apparently  la  not  influenced  by  prior  knowledge  as 
to  the  altitude  at  which  the  upcoming  mlsalon  Is  to  be  flown,  and  (3)  when  both  stressors  are  present, 
then  the  degree  of  anticipatory  stress  Is  Influenced  by  the  altitude  of  the  subsequent  mission. 

To  suMarlxe  briefly  the  Information  gained  from  Operation  Phantom  Flame  which  should  be  of  interest 
and  concern  to  operational  coomanders  and  aircrews,  the  following  tentative  conclusions  are  drawn: 

(1)  Of  greatest  importance,  the  high  cockpit  temperatures  which  occur  during  low-level  flight 
in  a  hot  environment  did  not  elicit  In  the  crewmen  those  biochemical  changes  which  typify  the  normal 
physiologic  response  to  stress. 

(2)  The  men  did  manifest  signs  of  heat  stress,  but  those  signs  occurred  before  flight  and  on 
nonfly Inc  days. 

(3)  The  men  also  showed  signs  of  a  relatively  mild  degree  of  anticipatory  stress. 

(A)  The  only  physiologic  response  reflected  by  the  urinary  stress  Indices  was  the  recovery 
during  flight  from  exposure  to  preflight  atresaora. 

In  addition  to  the  foregoing  conclusions,  there  are  several  other  bits  and  Information  gained  from 
Operation  Phantom  Flame  which  would  be  of  Internet  and  value  to  flight  surgeoos  and  others  In  th:  bio¬ 
medical  ccMnmlty.  One  feature  Is  the  rather  high  sensitivity  which  certain  of  the  urinary  amino  acids 
were  found  to  have  toward  flight  atreae.  The  finding  that  those  stress-sensitive  amine  acids  were 
primarily  limited  to  threonine,  serine,  glycine,  alanine,  and  histidine  is  of  particular  importance  In 
view  of  the  fact  that  a  clinical  study  reported  the  urinary  output  of  those  amino  acids  closely  paralleled 
plasma  cortisol.  With  respect  to  their  sensitivity  as  stress  Indices,  Phantom  Flame  revealed  that.  In 
moat  Instances,  the  stress-induced  changes  In  the  output  of  those  amino  acids  (and  of  the  amino  acid  sum) 
were  generally  more  consistent,  of  greater  magnitude,  and  of  greater  statistical  significance  than  changes 
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In  17-0MCS.  Thin,  too,  is  an  especially  noteworthy  finding  in  view  of  the  fact  that  the  output  of  thoae 
corticosteroids  haa  loaf  been  viewed  aa  the  noat  sensitive  and  specif lc  urinary  wee  sure  of  atreaa. 

Another  significant  feature  of  this  study  la  the  close  eg rr moot  found  between  the  two  neaeurea  of 
*»!*>  acid  excretion.  While  the  differential  quantification  of  the  Individual  anlno  acids  served  a  very 
useful  purpose  In  linking  the  results  of  this  study  to  that  earlier  clinical  study,  such  detailed  infot- 
natloc  would  not  require  reeffiiaatlon  la  every  flight  stress  appraisal  la  the  future — especially  since 
the  gathering  of  that  Intonation  would  be  very  time-consuming  and  quite  costly.  Thus,  thanks  entirely 
to  this  InfomatloB  gained  from  Phantom  Plane,  anlno  acid  excretion  la  all  future  USAFSAM  stress  evalua¬ 
tions  will  be  neaaured  by  the  rather  slaple  and  inexpensive  assay  of  aalao-nitrogen. 

As  a  final  bit  of  useful  information  gained  froa  this  study,  the  data  clearly  show  the  need  for 
adequately  controlling  or  at  least  Identifying  experimental  variables  which  Inpart  upon  the  particular 
experimental  circumstance  being  investigated.  It  Bay  seen  Inappropriate  to  emphasise  here  the  Impor¬ 
tance  of  ouch  a  fundamental  Issue,  but  even  a  cursory  examination  of  the  literature  reveals  thst  due 
attention  ia  frequently  not  given  this  important  issue.  Sven  in  the  realm  of  stress  studies,  it  Is  not 
difficult  tc  fiiw  one  which,  in  attempting  to  assess  the  influence  of  a  given  experimental  variable  on  a 
particular  body  function,  limits  the  period  of  observation  to  shortly  before  and  immediately  after  expos¬ 
ure  to  thst  experimental  variable.  Had  such  an  experimental  design  bean  used  in  Phantom  Plane,  the 
results  would  have  been  Interpreted  In  a  far  different  manner.  For  example,  since  the  sole  objective  of 
Phantom  Flame  urns  to  ascertain  the  physiologic  and  performance  effects  of  low-level  flight  in  a  warm 
climate  on  F-4  a ire raws,  the  experimental  protocol  might  have  specified  simply  the  collection  of  urine 
before  and  after  flight  during  the  Manwrtlme.  Moreover,  even  if  it  was  deemed  necessary  to  collect 
urine  from  the  same  men  at  the  same  times  on  a  oonf lying  day,  the  results  still  would  have  been  inter¬ 
preted  in  a  different  and  Inappropriate  fashion.  Thus,  it  is  apparent  that  In  order  to  study  the  effects 
of  flying  on  a  hot  day,  it  is  essential  to  collect  data  on  flying  and  noaf lying  days  in  the  winter  as 
well  as  in  the  ■>— ir. 
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PACT  III 

HISTORICAL  REVIEW  OP  STUDIES  PltOM  OUR  LABORATORY 


In  the  material  which  follows,  we  trace  the  developatent  of  a  standard  biochemical  battery  in  our  lab¬ 
oratory,  starting  in  1958.  The  standard  battery  today  constats  of:  (1)  epinephrine;  (2)  norepinephrine; 
(3)  17-hydroxycortlcosterold;  (4)  sodium;  (5)  potassium;  (6)  urea,  and  the  ratio  of  sodium  to  potassium. 
All  of  the  above  are  expressed  as  a  ratio  against  creatinine  (in  the  denominator)  The  uae  of  creatinine 
la  our  battery  Is  based  on  the  premise  that  creatinine  is  excreted  at  a  steady  rate  and  therefore  compen¬ 
sates  for  variation  in  sample  collection  time. 


Quantification  of  the  stress  and  fatigue  experienced  by  USAF  personnel  participating  in  real-world 
operations  sad  simulated,  laboratory  exercises  have  been  a  major  effort  of  this  laboratory  for  the  past 
2  decades.  The  battery  of  urinary  substances  has  been  studied  to  attempt  assessment  of  the  physiologic 
coat  in  such  varied  operations  as  aircrews  flying  long-range  cargo  missions,  fighter  pilots  flying  high 
sortie  rates  dally  for  1*2  weeks,  and  48-hour-alert  duty  tours  in  missile  crewmen.  Urinalysis  was  selec¬ 
ted  as  a  means  of  assessing  physiologic  cost  because  urine  samples  are  relatively  easy  and  quick  to  collect 
from  a  large  number  of  people  in  field  situations  (in  aircraft,  on  flight  lines),  urine  collection  does 
not  impair  operational  performance  and  safety,  and  urine  collection  is  •  nonlnvaslve  procedure  and,  there¬ 
fore,  not  stressful  in  ltaelf  and  acceptable  to  those  being  studied.  Measures  of  individual  crewman  per¬ 
formance  have  bean  seldom  available  in  field  studies,  although  a  few  laboratory  studies  have  attempted  to 
relate  changes  in  urinary  concentrations  to  changes  in  mental  and  motor  performance. 

The  gaoeral  procedure  utilised  in  these  studies  has  been  to  collect  urine  sables,  but  not  total  vol¬ 
ume,  at  4-hour  intervals  a  few  days  before,  during,  and  after  the  mission,  test,  or  event  of  Interest. 
Usually  the  samples  are  collected  only  during  working  hours.  The  before  or  prcmlsslon  data  serve  to  des¬ 
cribe  normal  baseline  concentrations  and  withln-day  patterns.  The  concentrations  occurring  during  and 
after  the  mission  are  compared  to  the  baseline  data  to  determine  the  extent  of  physiologic  stress  or  coat 
amd  the  amount  of  time  for  return  or  recovery  to  baseline  values,  baseline  and  recovery  phases  are  usually 
each  of  3-4  days  duration,  depending  on  the  availability  of  the  crews  under  study.  Often,  it  is  not  pos¬ 
sible  to  collect  urine  samples  during  all  three  phases.  As  in  most  field  work,  there  can  be  considerable 
miss lag  data. 

The  urine  sample  collection  bottles  <100-250  ml)  each  contain  6  ml  of  dilute  !>C1  acid  (1.6  normal) 
which  serves  as  a  preservative.  The  urines  are  frozen  (using  freezers  or  dry  ice  in  shipping  containers) 
as  soon  as  possible  and  shipped  to  this  laboratory  for  analyses.  Frequently  the  samples  can  only  be 
refrigerated  trtvwi  collected  and  it  may  be  12  hours  before  they  are  frozen.  The  importance  of  iamedlate 
freezing  of  the  samples  is  an  issue  under  study  once  again  In  our  laboratory. 

During  baseline  and  recovery  phases,  the  crewmen  under  study  are  often  off  duty.  Requiring  them  to 
report  several  times  a  day  to  a  urine  collection  point  to  provide  a  sample  can  be  annoying,  undermine 
cooperative  participation,  and.  even  violate  USAF  crew  rest  regulations.  Therefore,  urine  samples  are 
often  collected  by  the  participant  at  home  during  baseline  and  recovery  phases.  This  procedure  requires 
voluntary  use  of  a  hone  refrigerator  or  a  door-to-door  pickup  scheme.  The  procedures  described  above  are 
cumbersome,  at  times,  in  field  or  Inflight  studies,  so  we  are  now  seeking  alternatives. 


In  the  remainder  of  this  part  of  the  paper,  we  arc  modifying  the  format  somewhat.  Abstracts  of 
papers  will  be  round  on  the  left  and  "operational  applications**  will  be  found  on  the  right.  Most  of  the 
papers  presented  here  have  Henry  8.  Hale  as  senior  author,  so  the  citation  will  consist  only  of  the  title 
and  the  journal  in  which  the  paper  was  published.  Many  others  joined  with  bin  in  studies.  Their  contri¬ 
butions  are  acknowledged  with  co-author ship.  As  indicated  earlier.  Dr.  Hale  is  a  pioneer  in  the  applica¬ 
tion  of  endocrine  physiology  to  USAF  operational  problems.  In  particular,  bis  unique  contribution  was  the 
development  of  a  standard  battery  and  its  use  In  a  host  of  studies. 

PLASMA  CORTICOSTEROID  LEVELS  IM  AIRCREWHEH  AFTER  LONG  FLIGHTS 


ABSTRACT 


Journal  of  Clinical  Endocrinology  and  Metabolism  XVIII  (12):1A40-1443,  Dec  58 

OPERATIONAL  APPLICATIONS 


The  fluorescence  method  of  Afeat  for  the 
determination  of  hydrocortisone  and  a  cortl- 
costerone-llke  fraction  in  blood  was  utilized 
in  an  attempt  to  evaluate  flying  fatigue  in  a 
group  of  44  alrcrewmen  participating  in  flying 
activities  in  military  aircraft.  Mean  preflight 
values  for  each  of  the  two  steroid  fractions 
agreed  with  those  reported  by  Sweat  for  normal 
male  subjects,  but  significant  Increases  In  both 
fractions  were  noted  after  flights  of  nine  to 
twelve  hours'  duration.  This  change  was  not  of 
the  nature  of  a  diurnal  variation. 


1.  Steroid  activity  Indicates  the  conversion  of  pro¬ 
tein  and  fats  to  carbohydrates  in  order  to  provide 
energy  for  work.  This  study  shows  the  8-52  crews 
prior  to  a  mission  had  plasma  corticosteroid  levels 
like  those  of  unstressed  nonflyers  and  a  501 
increase  after  training  missions  lasting  nine  to 

12  hours.  Therefore,  the  job  of  flying  imposes 
demands  (at  least  an  increased  workload)  to  which 
the  body  responds  by  drawing  on  energy  rt serves. 

The  Increase  is  not  high  nor  physiologically  com¬ 
promising  but  is  opposite  the  normal  diurnal  trend. 

2.  All  crewmembers  showed  responses  of  similar  mag¬ 
nitude,  indicating  no  special  crew-position  factor 
in  these  bomber  training  missions. 


3.  Instructor  pilots  yielded  the  same  effects  as 
other  crewmembers. 


-i, ,  m  „  „■■■ ,  Tl  | ,  „  „  . .  -  -i-  -  ,  ,  N.mMr.'i. 
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EFFECTS  OF  PILOTINC  SUPERSONIC  AIRCRAFT  ON  PLASMA  CORTICOSTEROIDS  AMD  BICAUOMATE 
Journal  of  Applied  Physiology  14(4) :629-631,  July  1959 
ABSTRACT  OPERATIONAL  APPLICATIONS 

While  flying  high-speed  ailitsry  aircraft,  1.  Hyperventilation  (rapid  breathing)  is  a  coaaon 

pilots  frequently  hyperventilate  to  a  degree  response  to  threat.  Most  (70Z)  of  the  fighter  pi- 

sufficlent  to  Induce  marked  alkalosis.  Psycho-  lots  in  this  study  hyperventilated.  Bovever,  the 

genic  factors  are  thought  to  be  responsible  for  resulting  acid-base  change  in  blood  was  not  signifl- 

tbe  hyperventilation.  Coaparlson  was  made  of  cantly  correlate!  with  Increased  steroid  activity 

pre-  and  post-flight  plants  bicarbonate  (deter-  which  reflects  one  aspect  of  the  mobilization  of 

mined  tltrlmetrlcally)  and  corticosteroid  levels  energy  to  respond  to  the  demands  of  flying.  This 

(Sweat's  technique)  for  20  instructor  pilots  and  finding  therefore  ellalnates  a  co— on  behavioral 

47  student  pilots  flying  F-100  aircraft  for  SO  response  (hyperventilation)  to  stress  as  a  contrl- 

ainutes.  Mo  differentiation  of  students  and  butor  to  a  more  fundamental  stress  mechanism 

instructors  was  possible  on  the  basis  of  either  (steroid  activity),  end  reinforces  the  value  of 

pre-  or  post-flight  values;  therefore,  the  data  steroid  determinations  made  routinely  in  the 

for  the  two  groups  were  c cabined.  The  plasma  USAFSAM  biochemical  battery, 

bicarbonate  value  following  the  flight  was 

1.1  £  .24  nEq/1.  (mean  t  S.E.)  lower  than  before  2.  The  steroid  responses  (a  50Z  increase)  of  in- 

the  flight.  Free  17-hydroxycortlcoste  -one  was  structors  and  "students"  were  not  significantly 

increased  5.8  £  .70  pm/ 100  ml,  while  conjugated  different,  in  contrast  to  the  finding  of  a  crew- 

1 7-hydroxy corticosterone  Increased  5.7  £  .75.  position  effect  (A/C's  most  stressed;  In  a  C-5 

The  free  corticosterone-like  fraction  increased  crow  study  performed  subsequently.  It  should  be 

3.1  £  .34  pg/100  ml,  while  the  conjugated  cor-  noted,  however,  that  the  nature  of  the  mission 

ticosterone-llke  fraction  increased  3.2  £  .35.  profile  and  the  flying  job  are  quite  different  in 

Each  of  these  changes  mas  significantly  differ-  fighters  versus  transports. 

ant  from  aero  (P  <  .001).  Mo  statistically 
significant  correlation  mas  found  between  the 
fall  in  bicarbonate  and  any  of  the  Increases  in 
steroid  fractions. 

SltESS  1ESP0MSES  OF  PILOTS  FLYING  6-HOUR  0VEKMTEM  MISSIONS  IN  F-100  AND  F-104  AIRCRAFT 

Aerospace  Medicine  34:15-18,  1963 

ARSTRACT  OPERATIONAL  APPLICATIONS 

Postflight  urine  and  blood  samples  for  pilots  1.  Flying  a  fighter  on  a  6-hour  deployment  mission 
flying  6-hour  overwater  missions  in  F-100  and  is  a  strong  stress  and  the  body  responds  by  actlva- 

F-104  aircraft  were  employed  in  an  attempt  to  ting  stress  mechanisms  (3-5  fold  increase)  which 

appraise  flying  stresses.  Coaparlson  was  made  help  the  flyer  meet  the  challenge, 

with  a  third  group  of  pilots  on  an  off-duty  day. 

Urinary  determinations  Included  epinephrine,  2.  The  degree  of  physiologic  activation  is  related 

norepinephrine,  corticosteroids  (17-OHCS),  to  the  intensity  of  the  chcllenge.  In  this  study,  a 

sodium,  potassium,  inorganic  phosphate,  urea,  more  demanding  aircraft  (F-100),  experience  level, 

uric  acid,  and  creatinine.  Blood  deteralna-  an  earlier  departure  (F-104),  inflight  refuelings 

tlons  included  free  and  conjugated  hydrocortl-  (F-104),  and  enroute  weather  (F-104)  were  identi- 

aone  and  corticosterone-like  fractions.  fled  as  probable  factors  causing  greater  physiologic 

Flying  raised  corticosteroid  levels  in  plasma  activity, 

but  not  in  urine.  Levels  for  the  F-100  group 

mere  higher  than  for  the  F-104.  Urinary  3.  For  the  first  time  in  this  series  of  papers, 

epinephrine  and  norepinephrine  values  for  the  the  concept  of  a  physiologic  "cost"  of  flying  was 

flying  groups  were  significantly  above  those  presented;  this  concept  hes  been  an  important  ele- 

for  the  control,  values  for  the  F-104  exceed-  nent  for  evaluating  findings  in  our  studies, 

lng  those  for  the  F-100.  Differences  in 

flying  groups  appear  to  relate  to  aircraft  4.  In  contrast  to  the  previous  paper,  presumed 

characteristics,  weather  conditions,  and  fly-  hyperventilation  might  be  implicated  as  a  possible 

lng  experience.  Both  flying  groups  showed  high  cause  for  some  of  the  physiologic  activity, 

urinary  excretion  of  urea  and  uric  acid,  but 
only  in  the  F-104  group  was  sodium  and  potas¬ 
sium  excretion  elevated.  Flying  Induced  no 
variation  in  urinary  phosphate.  Singly  and 
collectively,  these  determinations  are  basic 
to  future  studies  on  flight  stress. 

ENDOCRINE  AND  METABOLIC  EFFECTS  OF  SHORT-DURATION  HYPEROX LA 
Aerospace  Medicine  35:449-451,  1964 


ABSTRACT 

This  investigation  was  concerned  with  the 
effects  of  breathing  1001  oxygen  (by  mask)  at 
1  atmosphere  ambient  pressure  for  4  hours  on 
sympathoadrenal,  adrenocortical,  and  metabolic 
functlot  in  healthy  human  subjects.  Control 
determinations  were  made  co  the  same  subjects 
on  a  separate  occasion,  the  subjects  then 
breathing  room  air  (by  mask).  Sympathoadrenal 
activity  was  appraised  by  means  of  urinary 


OPERATIONAL  APPLICATIONS 

This  study  demonstrates  that  man;  factors  con¬ 
tribute  to  physiologic  activity  in  flyers;  in  this 
case,  breathing  100Z  oxygen  resulted  in  some  changes 
opposite  to  those  found  in  fighter  pilots  and  mask 
discomfort  resulted  in  changes  like  those  consider¬ 
ed  to  be  a  "flight  effect."  A  biomedical  team  needs 
to  "tune  in  on"  many  factors  when  it  attempts  to 
assay  flight  stress. 
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ABSTRACT  (continued) 

epinephrine  end  norepinephrine  determinations; 
edrenoccrtlcel  ectivity  wee  eppreieed  by  means 
of  plasma  cortisol  end  urine ry  17-hydroxycor- 
ticoeteroid  determinations;  end  setebolic 
appreieel  wee  Bade  by  Beans  of  urlnery 
creatinine,  urea,  uric  acid,  phosphate, 
potasslta,  and  sodium.  Evidence  of  hyper- 
ox  la- induced  adrenocortical  and  syspat ho¬ 
ed  renal  depression  was  found — plasma  cortisol 
concentration,  as  well  as  catechols* ine 
excretion,  falling  below  the  control  levels. 

Urine  volume  also  was  relatively  low,  as  were 
urinary  sodium  and  phosphate  values.  Mask 
discomfort  was  shown  to  be  an  obscuring  fac¬ 
tor,  since  it  scted  oppositely  to  hyperoxia 
in  aany  respects. 

FIXING  STttSS  IN  RELATION  TO  FLYING  PROFICIENCY 
Aerospace  Medicine  36:112-116,  1965 

ABSTRACT  OPERATIONAL  APPLICATIONS 

Pest flight  urinary  determinations  were  employed  F-100  fighter  pilots  flying  2-hour  bomblng/straf lag 
for  the  purpose  of  evaluating  flight  stress  in  10  training  missions  gave  the  following  physiologic 

pilots  who  were  practicing  bomblng/straf ing  maneu-  stress  effects: 

vers.  Tests  were  conducted  in  daytime  and  at  night. 

Control  data  were  obtained  on  nonflying  days.  a.  these  pilots  were  generally  minimally 

Urinary  determinations  included  norepinephrine,  responsive  to  the  stresses  of  training  flights, 

epinephrine,  17-hydroxycorticosteroids,  creatinine,  suggesting  that  a  ccnccmltant  of  piloting  experl- 

urea,  uric  acid,  phosphate,  potassium,  and  sodium.  ence  is  physiologic  adaptation  (tolerance  for 
By  the  use  of  this  battery  of  determinations  it  training  flight  stress), 

was  possible  to  appraise  flight -sensitivity  in 

sympathoadrenal,  adrenocortical,  and  metabolic  b.  the  stress  response  was  greater  for  day- 

activities.  The  results  give  good  leads  for  time  missions  where  their  performance  was  being 

further  research  and  suggest  that  flying  rro-  scored, 

ficiency  is  high  when  endocrine-metabolic  dis- 

placeoent  (physiologic  cost)  is  low.  These  c.  those  pilots  performing  more  poorly  had  a 

observations  also  indicate  that  st" js  resc-  greater  stress  response, 

tlons  to  flight  conform  to  the  General  Adapta¬ 
tion  Syndrome  pattern.  In  general,  it  appears  that  training  missions  are 

not  as  stressful  as  operational  missions. 

ENDOCRINE  AND  METABOLIC  CHANGES  DURING  A  12-B0CR  SIMULATED  FLIGHT 

Aerospace  Medicine  36:; 17-719,  1965 

ABSTRACT  OPERATIONAL  APPLICATIONS 

Forty-eight  young  am  were  studied  by  eeans  of 
serial  urinary  determinations  while  working  in 
flight  simulators  for  12  hours.  The  "flights'* 
began  at  0700  and  ended  at  1900.  Postf light 
values  obtained  at  2100  were  compared  with  con¬ 
trol  values  obtained  at  2100  on  the  day  before 
the  test.  Creatinine  excretion  did  not  show 
statistically  significant  variation  with  tlae. 

All  other  urinary  constituents  were  expressed 
as  ratios  with  creatinine.  Simulated  flight 
Induced  statistically  significant  elevations  in 
urine  voluse,  urea,  uric  acid,  phosphorus, 
sodium,  the  Xa/K  ratio,  17-hydroxycorticos- 
terolds,  epinephrine,  end  norepinephrine.  The 
XE/E  ratio  fell  significantly 

PHYSIOLOGICAL  EFFECTS  OF  AS  18-HOUS  FLIGHT  IX  F-AC  AIRCRAFT 

Aerospace  Medicine  37:1095-1098,  1966 

ABSTRACT  OPERATICXAL  APPLICATION* 

Physiological  assessment  was  performed  by  1.  The  factors  of  flight  duration,  degree  of  flying 

means  of  postflight  urinalysis  for  8  pilots  who  difficulty,  and  amount  of  flying  experience  Interact 

flew  F-AC  aircraft  for  18  hours.  Flight  effects  to  determine  the  nature  of  physiologic  changes  con- 

were  neither  numerous  nor  of  large  magnitude,  sidered  to  underlie  fatigue, 

nor  were  the  pilots  unduly  fatigued.  The 

flight-induced,  physiological  changes  included:  2.  Though  generally  at  normal  levels,  pilots  respond 

(1)  increased  17-hydroxycortlcosterold  excretion,  to  preflight  preparations  and  anticipation  of  the 

which  implies  adrenocortical  stimulation,  and  mission  with  sooe  enhanced  physiologic  activity 

(2)  decreased  excretion  of  uric  acid,  potassium,  (twice  normal). 


Inexperienced  nonpilots  flying  a  simulated  mission 
showed  substantially  greater  stress  responses  than 
experienced  pilots  flying  real  missions.  It  is 
clear  that  physiologic  adaptation  is  a  characteris¬ 
tic  of  experienced  pilots  despite  the  "real  world" 
stresses  they  face. 
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ABSTRACT  (continued) 

and  urine,  which  suggests  metabolic  depression. 


(Note:  Edward  F.  Kramer  was  senior  author.) 


OPERATIONAL  APPLICATIONS  (continued) 

3.  Enhanced  steroid  activity  and  some  metabolic 
depression  occurred  in  the  later  part  of  this  18- 
hour  F-4C  mission  but  at  best  the  study  revealed 
only  low  grade  fatigue  and  low  grade  physiologic 
effects. 

4.  There  were  greater  physiologic  changes  in  the 
less  experienced  flyers;  variations  in  flight  dif¬ 
ficulty  did  not  result  in  variations  in  physiologic 
activity. 


ABSTRACT 


VALIDITY  OF  THE  HUMAN  17-HYDR0XYC0RTIC0STER0ID/CREATININE  RATIO 
Aerospace  Medicine  38:1095-1098,  1967 

OPERATIONAL  APPLICATIONS 


No  direct  application.  This  paper  is  included  for 
the  use  of  the  reader  in  evaluating  the  use  of  the 
creatinine  based  ratios. 


Short-term  and  long-term  trends  for  urinary 
creatinine  excretion  rate,  17-hydroxycorticos- 
teroid  (17-OHCS)  excretion  rate,  and  the  17- 
OHCS/creatinine  ratio  were  investigated,  util¬ 
izing  data  obtained  from  11  healthy  men  during 
forenoon  and  afternoon  periods  on  5  consecutive 
days  in  each  of  4  consecutive  weeks.  Creatinine 
excretion  rate  did  not  show  significant  forenoon- 
afternoon  variation,  but  there  was  forenoon-after¬ 
noon  variation  (P  <  .01)  for  both  17-OHCS  excre¬ 
tion  rate  and  the  17-OHCS/crcatinine  ratio,  each 
declining  as  time  proceeded.  Using  creatinine  as 
the  base  for  17-OHCS  did  not  cause  distortion; 
instead,  there  was  a  statistical  gain,  as  the 
variance,  was  then  lessened.  Significant  week- 
to-week  variation  was  detected  only  in  afternoon 
data,  and  it  was  limited  to  creatinine  excretion 
rate  (P  <  .001)  and  17-OHCS  excretion  rate 
(P  <  .01),  both  declining  progressively  over 
the  4-week  test  period.  Since  the  17-OHCS/ 
creatinine  ratio  did  not  show  week-to-week 
variation,  it  was  concluded  that  creatinine 
acted  as  a  correction  factor,  eliminating  the 
long-term  variation  in  17-OHCS. 

ENDOCRINE-METABOLIC  EFFECTS  OF  UNUSUALLY  LONG  OR  FREQUENT  FLYING  MISSIONS  IN  C-130E  OR  C-135B  AIRCRAFT 


ABSTRACT 


Aerospace  Medicine  39:561-570,  1968 

OPERATIONAL  APPLICATIONS 


Flight -stress  appraisal  was  made  by  means  of 
a  battery  of  urinary  determinations  (epinephrine, 
norepinephrine,  17-OHCS,  urea,  uric  acid,  phos¬ 
phorus,  magnesium,  sodium,  and  potassium)  for 
flyers  who  participated  in  (a)  20-hour  missions 
in  C-130E  aircraft  (flights  from  New  Zealand 
to  Antarctica,  and  back),  (b)  6-day  missions 
in  C-135B  aircraft  (over-frequent  transoceanic 
and  transcontinental  flying) .  The  adrenal 
medulla  (judging  by  urinary  epinephrine 
consistently  showed  flight-sensitivity  but 
other  endocrine-metabolic  functions  varied  in 
ways  indicative  of  adaptation.  With  flight 
circumstances  standardized  (particularly  with 
respect  to  time  of  day),  flight  effects  tended 
to  be  reproducible.  With  crew  rest  limited  to 
2  days,  recovery  from  flight-stress  tended  to 
be  incomplete.  Sleep-deprivation  and  crew 
position  were  shown  to  be  factors  which 
modify  flight-stress  reactions.  Eastbound 
and  westbound  earth-circling  missions  did  not 
induce  different  degrees  of  flight-stress,  as 
judged  by  these  endocrine-metabolic  indices. 


1.  Repeated  transport  missions  result  in  greater 
physiologic  "cost"  for  crewmembers  than  for  mechan¬ 
ics  and  laboratory  staff,  but  the  physiologic  effects 
are  generally  few  in  number  and  low  in  magnitude. 

2.  There  is  substantial  evidence  that  transport 
flyers  have  achieved  some  physiologic  adaptation  to 
transport  mission  stresses. 

3.  Stresses  secondary  to  the  mission  per  se  act  to 
enhance  physiologic  change  (displacement  from  "nor¬ 
mal").  Sleep  deprivation  and  crew  position  produced 
such  enhancement  in  this  study.  Pilots  were  the 
most  stressed  crewmembers. 

4.  There  is  evidence  that  some  physiologic  changes 
show  a  slow  postmission  reversal  and  that  complete 
recovery  was  not  achieved  in  two  days  of  postmission 
rest  in  these  missions;  there  was  also  evidence  of 
ovcrcorrection  ("rebound")  across  a  10-day  post¬ 
mission  period. 

5.  Delayed  departures  increased  the  physiologic 
effects  of  flight  stress.  Late  afternoon  and  night 
departures  had  a  similar  effect. 

6.  Time-zone  transition  did  not  increase  the 
physiologic  effects  of  flight  stress  in  the  multi¬ 
day  mission. 

7.  Crews  showed  an  earlv  adaptation  to  t'.e  stresses 
of  a  7-week  committed  period  of  repeated  missions. 


••  '•  . 
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URINARY  CREATININE-BASED  RATIOS  IN  RELATION  TO  SEASON 
Aerospace  Medicine  39:1048-1051,  1968 

ABSTRACT  OPERATIONAL  APPLICATIONS 

A  group  of  12  healthy  men  was  studied  over 
an  entire  year  for  the  purpose  of  establishing 
seasonal  baselines  for  each  of  a  number  of 
urinary  variables  which  are  currently  being  used 
for  assessing  flight  stress,  reasoning  that  sea¬ 
sonal  changes,  if  any,  might  predispose  toward 
flight  stress  or  obscure  flight  effects.  One 
overnight  urine  specimen  per  man  per  week  was 
analyzed  for  norepinephrine,  epinephrine, 

17-hydroxycortlconteroids,  phosphorus,  potas¬ 
sium,  sodium,  uric  acid,  urea,  and  creatinine. 

As  is  done  in  flight-stress  studies,  creatinine 
was  used  as  the  base  to  which  the  other  urinary 
constitutents  were  referred.  The  seasonal 
trends  for  the  sodium/potassium  and  the  nor¬ 
epinephrine/epinephrine  ratios  were  investi¬ 
gated  also.  On  the  basis  of  either  monthly  or 
seasonal  mean  values,  the  creatinine-based 
ratios  all  showed  long-term  cyclic  shifting, 
as  did  the  two  special  ratios;  however,  there 
was  no  common  pattern  of  changes.  The  minimal 
values  for  the  individual  creatinine-based 
ratios  came  in  various  months,  .is  did  the 
maximum  values.  Flight-stress  studies  must 
cake  into  full  account  such  background 
shifting. 

ANTICIPATORY  STRESS  AND  FLIGHT  STRESS  IN  F-102  PILOTS 
Aerospace  Medicine  40:385-388,  1969 

ABSTRACT  OPERATIONAL  APPLICATIONS 

Pilots  of  F-102  aircraft  were  studied  during 
a  period  of  preparation  for  an  unaccustomed  flying 
mission  as  well  as  during  the  actual  mission, 
using  a  battery  of  urinary  determinations  (nor¬ 
epinephrine,  epinephrine,  17-hydroxycorticos- 
terolds),  urea,  phosphorus,  magnesium,  potassium, 
sodium,  and  creatinine).  There  were  four  dif¬ 
ferent  test  circumstances:  (a)  pretraining 
briefings  dealing  with  overwater  flying  and 
inflight  refueling,  (b)  the  first  refueling 
training  flight,  (c)  the  first  leg  of  the 
actual  mission  (California  to  Hawaii),  and 
(d)  the  second  leg  of  the  mission  (Hawaii  to 
Guam).  In  each  circumstance  there  was 
evidence  of  endocrine-metabolic  hyper¬ 
activity,  which  suggests  nonspecific  stress, 
but  only  during  the  training  flight  was  there 
an  increase  in  17-OHCS  excretion  and  hypo- 
phosphaturia  (the  latter  condition  suggesting 
hyperventilation,  a  known  specific  response  to 
flight).  Flight  effects  during  the  second  leg 
of  the  transoceanic  flight  were  less  numerous 
than  during  the  first  leg,  which  suggests  that 
an  adaptive  change  occurred. 

AEROMEDICAL  ASPECTS  OF  THE  FIRST  NONSTOP  TRANSATLANTIC  HELICOPTER  FLIGHT: 

III.  ENDOCRINE-METABOLIC  EFFECTS 

Aerospace  Medicine  40:718-723,  1969 

ABSTRACT  OPERATIONAL  APPLICATIONS 

Endocrine-metabolic  appraisal  was  made  by  1.  This  high-demand,  high-hazard  mission  yielded 

means  of  urinalysis  for  all  participants  (2  crews  levels  of  physiologic  activity  ranging  from  moder- 

of  5  men  each)  In  the  first  nonstop,  transatlantic  ate  to  strong,  in  contrast  to  C-135  transport  mis- 

heliccptar  flight.  Serial  urine  specimens  were  sions  and  F-4C  18-hour  missions  which  yielded  levels 

analyzed  for  epinephrine,  norepinephrine,  17-  which  were  mild  to  moderate, 

hydrocorticostereids  (17-OHCS),  urea,  creatinine, 

phosphorus,  magnesium,  potassium,  and  sodium.  2.  A  specific  near-disaster  (stallout  on  the  first 

Nonspecific  stress  was  evident,  as  flight  caused  inflight  refueling)  resulted  in  maximum  physiologic 

a  1431  gain  in  epinephrine,  a  252  gain  iu  urea,  change  for  the  aircraft  commander  of  that  helicopter, 

and  a  SIX  reduction  in  the  norepinephrine/ 

epinephrine  ratio.  It  also  modified  the  circa-  3.  Sleep  disturbance  (reduced  quantity  and  quality, 

dian  trends  for  17-OHCS  and  phosphorus.  The  atypical  schedule)  during  the  ulsslon  increased  the 


Fighter  pilots  facing  a  demanding  new  task  gave 
physiologic  changes  prior  to  flying  as  great  as  those 
occurring  during  flying  the  new  mission  (inflight 
refueling);  adaptation  to  this  new  kind  of  exercise 
occurred  during  the  second  half  of  the  transpacific 
deployment . 

(Note:  George  T.  Demos  was  senior  author  on  this 
paper.) 


No  direct  application.  This  paper  is  Included  for 
the  use  of  the  reader  evaluating  the  findings  of 
studies  from  our  laboratory.  It  should  be  noted 
that  two  of  our  major  studies  spanned  a  range  of 
months  sufficient  to  let  seasonal  variations  con¬ 
tribute  to  the  effects  to  some  extent. 
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ABSTRACT  (continued)  OPERATIONAL  APPLICATIONS 

interindividual  endocrine-metabolic  variability  level  of  phyalologic  activity,  oest  demonstrated  by 

was  high.  a  strong  response  from  the  on-board  flight  surgeon 

who  slept  little. 

EXCRETION  PATTERNS  OF  AIR  TRAFFIC  CONTROLLERS 
Aerospace  Medicine  42:127-138,  1971 

ABSTRACT  OPERATIONAL  APPLICATIONS 


Twenty  air  traffic  controllers  at  O'Hare 
Airport,  Chicago  XL,  were  studied  daily  during 
two  5-day  work  periods.  During  one  of  these 
periods  they  worked  from  1500  to  2300  (evening 
shift);  in  the  other  period  they  worked  from 
2400  to  0800  (morning  shift).  Traffic  density 
(workload)  was  maximal  during  the  early  part 
of  the  evening  shift,  and  it  was  minimal  during 
the  early  part  of  the  morning  shift.  Stress 
appraisal  was  made  by  mean"  of  urinalysis,  using 
a  battery  of  determinations  which  Included 
epinephrine,  norepinephrine,  17-hydroxycorti- 
costeroids,  urea.  Inorganic  phosphate,  potas¬ 
sium,  and  sodium.  Cont  ol  data  were  obtained 
from  seven  members  of  the  biomedical  observer 
team  which  conducted  the  study.  Urine  speci¬ 
mens  were  collected  at  the  middle  and  near  the 
end  of  each  work  period  and  also  at  the  end  of 
each  postwork  period  of  sleep.  Direct  relation¬ 
ship  to  workload  was  indicated  for  epinephrine, 
norepinephrine,  urea,  potassium,  and  sodium. 
Urinary  catecholamines  provided  evidence  of 
sympathoadrenomedullary  hyperactivity  during 
each  work  shift,  with  full  reversal  in  the 
"postevening"  recovery  period  and  incom¬ 
plete  reversal  in  the  "post-morning"  recov¬ 
ery  period.  Adrenocortical  hyperactivity 
was  evident  only  during  the  morning  shift, 
and  it  was  late  in  onset.  Relatively  high 
urea  output  characterized  tower  work,  sug¬ 
gesting  high  protein  catabolism.  It  per¬ 
sisted  to  some  extent  into  the  postevening 
recovery  period,  but  not  into  the  post- 
morning  recovery  period.  Inorganic  phos¬ 
phate  indicated  stress  in  the  evening  work- 
posfrork  period,  but  not  in  the  morning. 
FOtasslum  and  sodium  elevations  appeared 
during  the  evening  and  morning  work-post¬ 
work  periods.  The  Na/K  ratio  became  ele¬ 
vated  late  in  the  evening  work  period,  but 
not  in  the  morning  work  period.  In  many 
respects  the  stress  of  O'Hnre  tower  work 
exceeded  the  stress  Induced  by  long  or 
difficult  flying  operations,  a  10-hour  test 
in  a  flight-simulator  (inexperienced  sub¬ 
jects),  or  prolonged  decompression. 


Though  this  study  Involves  air  traffic  controllers 
(O'Hare  tower)  Instead  of  flyers,  it  contains  findings 
pertinent  to  our  aircrew  studies.  The  findings  are 
as  follows. 

1 .  Physiologic  changes  were  greeter  on  the  graveyard 
shift  than  on  the  early  evening  shift,  even  though 
workload  was  heavier  in  the  latter  period. 

2.  A  heavy  workload  prior  to  a  specific  duty  period 
Induces  physiologic  displacement  from  normal  which 
persists  into  the  duty  period. 

3.  Recovery  from  large  physiologic  changes  (in  this 
case,  early  morning  duty)  starts  later  and  requires 
longer  titan  from  small  cr  moderate  physiologic 
changes. 

4.  Working  at  night  does  not  always  by  itself  Induce 
significant  changes  in  the  level  or  cyclic  character¬ 
istics  of  physiologic  activity.  There  are  other 
factors  to  be  considered  in  evaluating  this  factor. 

5.  Subjects  shoved  some  adaptation  to  altered 
work  schedules  during  the  5  days  on  the  changed 
schedule. 

6.  Anyone  (not  just  flyers)  will  respond  to  heavy 
’.orkload  and  con-omltant  stresses  (e.g.,  schedule 
changes)  by  deviations  from  normal  physiologic 
states.  These  tower  controllers  were,  in  some 
respects,  mcr-  ‘.tressed  than  transport  flyers  under 
those  conditions  where  the  missions  proceed  in  a 
"routine"  fashion. 


NEUROENDOCRINE  AND  METABOLIC  RESPONSES  TO  INTERMITTENT  NIGHT  SHIFT  WORK 


Aerospace  Medicine  42:156-162,  1971 


ABSTRACT 

Six  men  were  studied  nightly  during  three 
cycles  of  unaccustomer  alternating  shift  work, 
with  each  cycle  including  five  days  on  a  morning 
shift  (2400  to  0800)  and  five  days  on  an  after¬ 
noon-evening  shift  (1500  to  2300).  Neuroendo¬ 
crine  and  metabolic  functions  were  appraised  by 
means  of  determinations  of  urinary  epinephrine, 
norepinephrine,  17-hydroxycorticosteroids  (17- 
0HCS),  urea,  potassium,  sodium,  and  inorganic 
phosphate.  Evidence  vas  obtained  of  work- 
associated  neuroendocrine  and  metabolic  hyper¬ 
activity  (nonspecific  stress)  which  was  most 
distinct  during  the  first  week  of  morning 
work.  Relatively  high  values  of  urinary 
epinephrine  and  17-OHCS  were  found  during 
morning  periods  in  the  weeks  in  which  there 
was  no  morning  work,  indicating  that  the 


OPERATIONAL  APPLICATIONS 

1.  Work  at  even  a  sedentary  job  induces  some  physio¬ 
logic  changes. 

2.  Work  during  the  graveyard  shift  Increases  this 
physiologic  activity. 

3.  Alternating  shifts,  ,  on  when  a  schedule  is  main¬ 
tained  for  5  days,  further  Increases  this  activity. 

4.  There  was  some  adaptation  to  the  alternating 
shift  stress,  but  it  was  not  complete,  particularly 
when  combined  with  the  graveyard  shift  stress. 
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ABSTRACT  (continued) 

rotating  shift  schedule  Itself,  not  just  the  night 
work,  acted  as  a  stressor.  An  adaptive  change  was 
evident,  since  there  was  a  lessening  of  the  physio¬ 
logic  disturbance  with  each  return  to  morning  duty, 
as  judged  by  urinary  epinephrine,  norepinephrine, 

17-OHCS,  and  urea.  Full  adaptation  was  not  attain¬ 
ed,  for  the  work-associated  changes  In  potassium 
and  Inorganic  phosphate  reappeared  with  each 
return  to  nomlng  duty,  and  there  were  no  reduc¬ 
tions  In  the  Magnitudes  of  either  of  these 
responses.  The  potassium  and  phosphate  responses 
to  Morning  work  were  both  blphaslc.  Morning  work 
consistently  Induced  elevations  In  urinary  potaa- 
slun,  and  there  were  compensatory  reductions  In 
urinary  potassi'jm  la  the  postwork  (sleep)  periods. 

Morning  work  consistently  caused  relative  hypo- 
phosphaturla,  and  as  an  after-eifset  there  was 
always  relative  hyperphosphaturia. 

This  historical  development  carries  us  up  Into  the  early  '70s.  The  nonunental  contributions  to  the 
flight  stress  problem  by  Dr.  Bale  are  evident.  In  the  renalnder  of  Fart  III,  we  will  continue  the  review 
of  the  literature  In  a  more  conventional  fashion,  drawing  on  multiple  source  (including  Hale).  But, 
before  we  proceed,  two  tables  (V  and  VI)  are  provided  to  suasurlze  the  papers  just  reviewed.  The  summery 
Is  the  sole  responsibility  of  the  senior  author  (Hartnan). 

TABLE  V 


Stamm  ry  of  Hale  Studies  (by  "aircraft"  type) 


Study 

General  Stress 

General  Response 

Other  Factors 

Specific  Response 

B-52 

9-12  hour  training 
Mission;  no  unusual 
stress 

Mild 

Crew  position  and/ 
or  Instructor  vs 
experienced 
students 

No  differences 

F-100 

1-hour  training  flight 

Mild 

Hyperventilation 
(spontaneous) 
Instructor  vs 
experienced  stu¬ 
dents 

No  steroid  effect 
No  differences 

F-100/F-10* 

6-hour  overwater  Mis¬ 
sion;  many  stressors 

Strong 

Aircraft  deaands 
(feather 

Departure  tine 
Alrfllght  refueling 

All  contribute  to 
total  stress 
effect 

Hyperoxla  (lab) 

1001  02 

Slight  depression 

Mass  discomfort 

Moderste  (like 
flying) 

F-100 

2-hour  boobing/ 
strafing  Mission 

Min Inal 

Being  scored 
performing  poorly 

Mild 

Mild  to  moderate 

Drug  study 

12-hour  slnulated 
flight;  nonflyer 
subjects 

Moderate  to  strong 

No  others 

F-4C 

18-hour  Mission 
(stloulsnt  In  latter 
parts  of  mission) 

Mild  and  nixed  (lost 
depression,  some 
sctlvatlon) 

Anticipatory  stress 
Inexperience 

Mild  to  moderate 
Moderate 

C-130/C-135B 
a.  1-day  Missions 
20-hour  duly 
C-130 
(Antarctic 
supply) 

Long  duty  day 

Moderate 

Crew  position 
time  course  of 
recovery  (2  days 
vs  10  days) 

15-hour  delay 
(2  crewmen) 

Pilots,  FE's  most 
stressed 

2  days  -  little 
recovery 

b.  6-dsy  Missions 
"Embassy  runs" 
C-135B 

round-the-world 
with  Intervals 
of  crew  rest 

Mild 

Time  zone  stress 
(east  vs  west) 

No  difference 

c.  7-week  Missions 
"exercise" 
C-135B 

Repetitive  transport 
Missions 

Mild 

Time  course  of 
recovery  (1  week) 
from  chronic  stress 
(7  week  exposure) 

Some  overcorrectlc 
(rebound)  and  in¬ 
complete  recovery 
on  some  measures. 

but  good  evidence 
of  adaptation 
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General  Stress 


General  Response 


Other  Factors 


Helicopter 


FAA 

Tower  con¬ 
trollers 


Transoceanic  deploy¬ 
ment  with  inflight 
refueling;  S.S  and 
8  hour  legs 

Transatlantic 
30-hour  mission 
with  refueling 


Tower  workload 
(8  hours) 


FAA  medical  Observing  and 

test  personnel  recording  data 


Hlld  to  moderate 


Moderate  to 
strong  depending 
on  crew  position 


Sleep  deprivation 


Comparison  to 
mechanics  at  work 


Anticipation 
Refueling  training 
flights  leg  1  vs 

leg  2 

Crew  position 
Specific  near¬ 
disaster  sleep 
pattern  disrup¬ 
tion  (departure 
0100) 

Working  graveyard 
shift 

Recovery  compounded 
by  graveyerd  shift 

Night  shift  work 
Altered  work/rest 
schedules 

Adaptation  to  work 
schedule 

Recovery  from  night 
work 


Progressively  longer,  with 
strong  response  for  those 
flying  during  normsl  sleep 
periods 

"Cost"  of  flying  slightly 
higher  than  the  "cost"  of 
other  kinds  of  work 

Mild  to  moderate 
Moderate 

Stress  response  lower  on 
leg  2 

Moderate  (A/C  and  FE  most) 

Strong 

Moderate 


Moderate 


Incomplete 


Mild  to  moderate 


Some,  over  %  weeks 

Incomplete  on  succeeding 
day 


•emphasizes  need  for  a  larre  number  of 


Individual  differ¬ 
ences* 

subjects  or  for  repeated  studies  on  smaller 


numbers . 


TABLE  VI 

ary  of  Hale  Studies  (by  selected  stressors) 

_ Degree  of  Response 

Mild  Moderste 


Strong 


Work 

workload 

duration 

altered  schedules 
sleep  disturbance 
The  sum 

crew  position 
Inexperienced 
performing  poorly 
nonflyers  in  the  laboratory 
become  adapted 
time  course  of  recovery 
The  suichlne 

hard  to  fly? 
inflight  refueling 
inflight  rest  facilities 
The  mission 
training 

training;  being  scored 
operational 

Instructor/student  (I/S) 
departure  time 
near-disaster 
highly  hazardous,  unique 
frequent  repetition 
anticipatory  stress 
time  zone  transition 
The  environment 
insults 
weather 

life  support  deficit 
Some  undefined  combination  of 
several  of  the  above 


These  interact  to  produce  responses  anyvt-zre 
from  mild  to  strong  _ 


x  (no  I/S  dlff .) 


x  (additive) 


Eils,  it  al.  (1)  conducted  aa  extensive  study  of  tha  atraaa  of  flying  traaaport  missions.  The  study 
iacludad  double  crow  missions  (contlauous  flying  for  50+  hours,  sloop  on  board  tha  aircraft)  aad  Slagle 
crew  staged  missions  (discontinuous  flying  with  a  typical  12  to  16-hour  duty  day,  sleep  oa  the  ground  at 
earoute  stations)  ovar  essentially  the  seme  routes.  This  paper  con  talas  aa  unusually  succinct  statement  of 
aetbod  aad  the  rationale  for  the  choice  of  biochemical  variables  In  our  standard  battery,  as  *ollows: 


Urine  specimens  mere  collected  from  the  cram  members  at  approximately  4-hour  Intervals  (except 
when  prevented  by  sleep)  during  flight  aad  postflight  periods.  For  the  purpose  of  assessing  anticipatory 
stress,  the  first  urine  collection  la  each  mission  covered  the  2  hours  that  preceded  departure  end  the 
first  2  hours  of  flight.  This  overlap  into  the  flight  period  makes  allomemce  for  a  lag  that  urinary  stress 
indices  generally  show,  since  urinary  changes  tend  to  be  about  2  hours  behind  the  physiologic  events  they 
reflect. 

The  physiologic  aspects  under  study  all  show  circadian  periodicity  under  ordinary  circumstances; 
therefore,  the  urine  collections  had  to  be  standardised  with  respect  to  time  of  day.  To  eccampllah  this 
synchronisation,  the  different  missions  mere  all  started  la  the  period  of  0000-1000.  The  physiologic  data 
are  moat  mean lagful  when  viewed  la  relation  to  the  time  sons  to  which  the  crew  members  were  physiologically 
entrained,  namely,  Eastern  Standard  Tima.  The  urinary  stress  Indices  were  expected  to  ahow  either  entrain¬ 
ment  per  ae  or  entrainment  plus  stress.  To  reveal  each  stress  effect,  the  entrainment  effect  was  to  be 
extracted  mathematically  by  the  use  of  control  (ba saline)  data  obtained  from  mmstreesed  persona. 

The  stress  Indices  were  as  follows:  norepinephrine,  '.pinephrime,  17-hydroxycorticosteroids  (17- 
ONCS)  ,  potassium,  sodium,  the  ecdlun/potassiun  ratio  (li/l),  sad  urea.  Stressors  have  stimulatory  Influence 
am  the  regulatory  systems  of  the  body  am  well  as  on  fundamental  metabolic  activities,  particularly  the 
erne rgy-relccs lag  (catabolic)  processes.  Urinary  norepinephrine  anl  epinephrine  determinations  enabled 
Indirect  assessment  of  activity  levels  la  the  sympathetic  nervous  system  and  the  adrenal  medulla,  respec¬ 
tively.  One  phase  of  adrenocortical  activity  was  quantified  by  means  of  urinary  17-ONCS  determinations. 
Urinary  potassium  and  sodlun  determinations  enabled  limited  appraisal  of  mineral  metabolism,  end  the  Na/K 
ratio  served  to  Indicate  whether  or  not  there  la  a  weak  or  strong  regulation  of  the  distribution  and/or 
excretion  of  these  two  ions.  Urinary  urea,  a  by-product  of  protein  catabolism,  provided  rough  quantifica¬ 
tion  of  protein  breakdown  rates.  Urinary  creatinine,  an  India  of  lean  body  mesa,  was  used  aa  am  adjusting 
factor,  not  a  stress  Index,  ly  expressing  the  Individual  hormones  and  metabolites  as  crest lmlne-based 
ratios,  the  Influences  of  the  factors  of  body  else  and  age  are  minimised.  Moreover,  precise  timing  of 
urine  collections  Is  unnecessary. 

The  Male  battery  la  properly  described  aa  an  tndorrlna  metabolic  battery,  tapping  two  stress-responsive 
systems.  The  deviations,  averaged  across  6  missions  and  all  crew  mashers,  are  described  as  follows: 

Using  only  the  data  that  represent  the  part  of  the  day  la  idilcb  wakefulness  Is  the  normal 
physiologic  state,  mass jugful  fllght-postfllght  variation  was  detected  for  all  of  the  physiologic  varia¬ 
bles.  Most  of  the  flight  values  (means  for  the  9  selected  times  In  the  flight  period),  wham  expressed  as 
percent  deviation  from  the  respective  post-flight  values,  tended  to  cluup  around  one  level.  Specifically, 
the  epinephrine  and  17-ONCS  deviations  were  +59  and  +55,  respectively;  the  sodium  and  Na/K  deviations 
amounted  to  +56  and  +61,  respectively;  the  norepinephrine  deviation  was  +45;  and  the  urea  deviation  was 
+27. 

Data  for  nocturnal  variation  was  consistent  with  the  changes  just  described,  except  that  relative 
17-ONCS  excretion  rates  rose  from  +4Z  to  +637  for  flight  day  1  aad  from  +1SZ  to  +102Z  for  flight  day  2, 
Indicating  flight  during  periods  for  normal  sleep  at  home  station  represent  a  more  stressful  condition 
than  corresponding  daytime  periods.  Isle,  et  si.  also  report  that  epinephrine  excretion  rates  are  higher 
for  aircraft  conmamderr  than  for  other  crew  members  aad  that  elevated  excretion  rates  are  readily  reversed 
during  post-mission  rest  but  require  up  to  5  days  to  stabilise  at  pre-mission  levels. 

In  staged  missions  (sleep  at  ea  route  stations),  there  was  a  gradually  Increasing  upward  drift  of 
excretion  rates,  nut  aa  pronounced  wh-n  getter  leal  lv  similar  miss  loos  are  flown  la  7  vs  5  days.  This 
probably  results  from  greater  opportunity  to  rest  aad  recover.  Furthermore,  the  augmented  excretion  seen 
In  staged  missions  la  perhaps  half  of  tost  seen  la  double-crew,  continuous  missions  (where  on-board  sleep 
la  poor),  further  emphasizing  the  Importance  of  sleep  aad  rest. 

Hale,  et  al.,  use  Z  deviation  aad  average  Z  deviation  in  several  of  the  presentations  of  data.  Dis¬ 
cussion  of  this  approach  la  of  methodological  Interest.  They  state: 

Physiologists  have  long  used  "percent  deviation"  from  a  baseline  (control)  level  for  the  purpose 
of  crudely  quantifying  specific  physiologic  responses  to  adverse  factors  acting  singly  or  in  combination. 
Some  distortion  may  result  from  conversion  to  percentage,  so  for  ordinary  purposes  It  is  better  to  express 
the  deviations  In  absolute  terms.  For  the  present  purpose,  the  use  of  percentage  was  merely  expedient, 
enabling  us  to  coafclne  the  results  for  a  number  of  Interrelated  physiologic  functions.  Flight  surgeons  are 
thus  provided  with  a  single  measure  of  stress.  The  "mean  deviation"  for  the  component  stress  responses  Is 
not  necessarily  a  precise  measure  of  the  aggregate  physiologic  response.  The  subordinate  responses  appear 
to  be  weighted  differentially  when  expressed  In  percentage  terms,  so  the  derived  value  for  the  group  of 
responses  may  be  reasonably  correct  or  even  be  a  somewhat  conservative  measure.  Currently,  Investigators 
tend  to  use  single  stress  mzasures  (for  example,  urinary  epinephrine),  but  this  may  over-estimate  the 
stress,  for  this  Is  a  low-threshold  response.  In  the  present  effor  ,  for  example,  epinephrine  responses 
were  at  times  not  accompanied  by  17-ONCS  responses,  which  means  that  the  stressor  had  not  triggered  an 
Important  high-threshold  response. 

In  a  follow-on  study  of  double  crew  operations  In  the  C-S,  Hale,  et  al.  (2),  duplicated  procedures 
from  the  study  Just  cited.  Nominal  mission  duration  for  the  4  missions  was  70+  hours.  Numerous  procedural 
difficulties  hampered  the  statistical  analysis,  and  were  only  partially  resolved  by  treating  each  mission 
aa  "an  experiment."  Catecholamine  (E  end  HE)  and  17-ONCS  values  were  senawhat  higher  than  In  the  C-141 
study  just  described,  leading  the  authors  to  state  that: 
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Craw  performance  In  the  C-5  flights  (and  the  C-141  flights),  however,  did  not  ahow  decrement. 

This  la  not  unexpected  where  the  task  demands  are  operationally  meaningful  and  the  subjects  have  a  very 
high  level  of  skill.  The  relatively  high  values  for  catecholamines  and  17-hydroxycortlccaterolda  nay 
therefore  be  Interpreted  as  reflections  of  compensatory  responses  which  contributed  to  the  maintenance  of 
peychonotor  performance.  This  Interpretation  Is  la  accord  with  a  current  concept  of  the  neurophysiology  of 
alertness,  which  holds  that  the  reticular  activating  system,  when  responding  to  environmental  stimuli, 
activates  the  sympatho-adrenomedullary  and  adrenocortical  ay a tana,  and  these  systems  In  turn  feed  back  In 
positive  manner  to  the  reticular  activating  system.  The  role  of  the  catecholamines  and  corticosteroids  la 
even  v>re  clearly  demonstrated  by  studies  where  performance  decrement  occurs  (leas  meaningful  task  demands, 
lower  skill  levels). 

In  general,  the  results  for  C-5  paralleled  the  C-141  findings.  Physiologic  entrainment  remained  the 
primary  driver  of  physiologic  activity  and  tha  primary  determinant  of  physiologic  responsiveness  to  the 
complex  of  stressors  In  the  l light  environment.  Plight  factors  had  a  modifying  Influence,  affecting  the 
amplitude  of  the  cycles,  as  well  as  average  level,  and  occasionally  causing  phase  shifts.  The  data  on 
17-0aCS  particularly  Illustrated  these  effects,  showing  progressive  reduction  la  cycle  amplitude,  with  the 
descending  portion  of  the  cycle  showing  a  shift  to  the  right  relative  to  the  baseline  curves  **t  neverthe¬ 
less  demonstrating  overall  me In tee  mice  of  the  basic  cycle. 

These  results  are  the  clearest  statement  of  the  kinds  of  effects  this  laboratory  observes  In  its  bio¬ 
chemical  studies  of  operational  flight  stress. 

Hartman,  et  al.  (3),  conducted  a  study  of  stress  and  fatigue  in  Fi-111  crave.  Fifteen  dedicated  mis- 
eions  of  I  hours  duration  were  flown  as  part  of  the  Initial  operational  evaluation.  The  standard  urlaalysis 
for  this  laboratory  was  performed  on  post-mission  samples  obtained  from  2  craws  (4  men).  The  means  (■  •  *) 
were: 


Measure: 

E,  pg*  ME,  ug* 

i?-omcs.  us* 

Ores,  mg 

M.  n«q 

M.  mlq 

Quantity: 

1.S2  S.M 

HI 

1689 

4.63 

12.3 

(•quantity  per  100  mg  creatinine) 

X  Change: 

4*0  440 

4136 

436 

451 

454 

(X  chaage  compared  to  separate  sat  of  pilots  on  nou-f lying  day) 


Epinephrine.  17-0MCS,  urea,  and  potasslue  all  showed  elevations  which  were  statistically  significant.  These 
relatively  high  values  Indicate  physiologic  stress  of  a  moderately  high  degree. 

It  is  appropriate  to  note,  with  regard  to  the  previous  sentence,  that  in  our  laboratory  we  view  stress 
effects  qualitatively  la  3  categories: 

.  a.  Mild  «  up  to  SOX  increase  In  excretion  rate 

b.  Moderate  ■  50  to  100X 

c.  High  -  over  100X 

In  rare  occasions  we  have  seen  a  fourth  category: 

d.  Severe  -  over  200X 

Storm,  et  al.  (4),  conducted  a  study  of  stress  and  fatigue  In  nonstop,  transoceanic  tactical  deploy¬ 
ment.  P-4D‘e  deployed  from  Mew  Mexico  to  Germany  engaged  In  training  exercises  for  one  month  and  redeployed 
back  to  Mew  Mexico,  loth  the  deployment  and  redeployment  phases  were  studied.  Of  particular  significance 
were  the  factors  of  a  full  day  of  work  prior  to  the  transoceanic  flight,  the  requirement  for  4  Inflight 
refueling k<,  and  the  transition  through  8  time  -ones.  Tea  pilots  and  10  weapons  systems  officers  pertlci- 
pated  In  the  study.  Two  periods  for  baseline  (oon-flylng  days)  were  acquired  for  comparison  purposes. 

The  endocrine-metabolic  measures  showed  the  expected  elevated  excretion  rates  but  only  in  the  mild-to- 
moderate  range  (2S  to  7SX  Increase).  Several  changes  were  statistically  significant  but  the  pattern  waa 
not  systematic.  This  was  consistent  with  subjective  reports.  In  which  the  crew  members  reported  that  the 
fllghte  were  not  particularly  stressful.  Bedeploymeot  was  somewhat  less  stressful  than  deployment.  Time 
(one  t munition  did  not  appear  to  be  a  problem.  On  deployment  arrival  time  was  1600  local,  allowing  the 
crews  to  debrief,  go  to  quarters,  get  a  good  night  of  aleep,  and  arise  behavlorally  In  «tep  with  the  social 
environment.  On  redeployment,  departure  was  at  1000  and  was  preceded  by  a  full  alghc  of  si.*ep,  with  arrival 
back  at  home  base  at  1600,  again  an  arrival  time  which  facilitated  getting  back  In  -rynebtony  .'Ith  the  social 
environment. 

In  a  study  reported  by  Storn  (5),  we  have  an  opportunity  to  examine  a  different  class  of  Inflight  work, 
the  acquisition  end  analysis  of  surveillance  lnfotmetlon.  Mission  crew  (as  contrasted  to  flight  crews)  In 
an  BC-135  were  etudled,  with  a  variety  of  meaaures  being  obtained.  Including  our  biochemical  battery.  The 
17-0NCS  data  were  not  analysed  because  of  so*:  procedural  problems.  Biochemical  changes  sere  smell.  Neither 
E  nor  ME  were  statistically  different  from  baseline  values,  K  was  significantly  lower  on  mission  days  com¬ 
pared  to  baseline,  the  Xa/K  ratio  and  urea  were  statistically  different,  and  Ha  approached  a  significantly 
elevated  excretion  rate.  At  tinea,  amplitude  was  reduced,  an  effect  we  discussed  earlier.  It  should  be 
noted  that  baseline  days  were  working  days,  so  the  comparisons  were  working  Jhlle  flying  vs  working  on  the 
ground.  Overall  the  data  showed  that  mission  crews  experienced  only  mild  etress,  so  the  biochemical  find¬ 
ings  were  consistent  with  the  other  meaaures.  This  Is  an  Important  point — biochemical  effects  do  not  lead 
to  "alarmiat"  findings.  In  our  experience.  It  also  emphasises  the  Importance  of  a  multi-dlmenslonsl  assess¬ 
ment  of  the  stress  of  flying. 
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lolliagar  Ni  Cnw"  (t)  ftwot  iimU)  of  particular  Interest  Wmiin  their  study  l*ehM  •  com¬ 
bination  of  t  specific  (hast)  aod  tka  generalised  otroM  of  fly  lag  tactical  aircraft.  Pliota 

aai  waapana  ayatoaa  oft  tcera  were  studied  flying  low-level  and  high-level  oiaaioaa  ia  the  sooner  (August) 
aak  the  viator  (Jaauity).  t»ca  call  la  tkia  2x2  design  contained  frov  2k  to  kk  aircraavaa.  Naaa 
cockpit  tvp  irataroa  vara  >b  1°C  for  viator  fligkta  aai  45.4®C  for  aavar  flight  a  fay  aoi  lag  ea  crav 
poaitlao.  biochemical  kata  for  urea,  aplaapkriaa,  tka  ratio  Na/K,  aai  17*010  vara  raportok.  Tka  bio- 
rlwlral  f  :aklaga  vara  alack,  though  epinephrine  akovai  a  significantly  klgk  axcratioa  rata  for  lev-lovel 
aow  fligkta.  (t  vaa  lovaat  for  kigk-laaal  viator  fligkta.)  Thaaa  flakiaga  vara  supported  ky  target 
acquisition  acaraa.  Tka  flakiaga  vara  coafouakak,  accorkiag  to  tka  autkora  kacaaaa  crewmen  apaat  a  awb- 
atmtlal  portioa  of  tka  vork  kay  ia  air-coakltioaok  work  araae,  aak  kacaaaa  tka  off lciaacy  of  tka  aircraft 
alr-coakltiaaiag  ayataai  klffarek  for  front  «a  roar  cockpit.  Tka  study  llluatrataa  aovc  problems  oacoua- 
tarak  when  a  gaaoraliaak  atrtaaor  (flylag)  latoracta  vitb  a  apacific  atraaaor  (kaat). 

We  akall  tvra  aov  to  a  provocative  ataky  frov  outalka  our  lakoratory,  vitk  somewhat  klfferout  flakiaga. 
Praacaacoai,  at  al.  (7),  report  oa  a  ataky  of  tvo  groupo  of  kigkly  tralaok  taava  oporatlag  a  groaak-kaaak 
fire  kiroctiaa  caatar  ia  accordance  vitk  a  simulated  covkat  acraaario,  uakor  tvo  coakltioaa  of  aloay 
deprivation  aak  tvo  expectation  of  tka  karatloa  of  tka  "exercise."  A  ariaary  klockaaical  kattory  raaaoaakly 
Ilka  avra  vaa  part  of  tka  aaaauraaaat  array.  Ton  1  akovai  elevations  ia  17-OWCS  aak  total  catackolaalaoa 
vbaa  lafaraai  tkat  tkay  algkt  hove  to  coatiaaa  tka  axarclaa  for  a  coaafkarakly  loagor  poriok  tkaa  origiaally 
kriafak.  Taaa  II  kak  kopraaaak  17-ObCS  aak  total  catackolaalaoa  alkwsy  through  the  axarclaa  (42  k).  Thaaa 
autkora  etate  tkat: 

(1)  **- - '*<7  effects  srs  Bptok  for  amnothlco-akrsaonodallary  aak  akroaocortical 

activity** 

(2)  llocheal-al  "results  are  affactak  ky  aituatloaal  aacartaiaty  aa  vail  aa  apparaat  emulative 

fatlgoe" 

(3)  Otkar  vorkara  have  "concluded  tkat  alaop  kaprlvatloa  vicheut  physiological  or  paychological 
•trace  klk  aot  elicit  iacraaaata  ia  plaava  or  uriaary  indices" 

(4)  "Subjective  fatigue  aay  ka  aaooclatak  vitk  a  rapraaalva  affect  oa  okraaocortical  activity" 

(5)  "That  "the  aorval  axcratory  patters  of  uriaary  catockolavlaoa  ia  labile  aak  caa  be  altar  ok 
ky  a  variety  of  lafluaacoo." 

lie  foal  that  the  aala  laaaoa  hare  ia  tkat  kiochmlcal  affects  caa  bo  aokif  lok  ia  a  number  of  vaya  by  coa- 
plax  ceabiaatloa  of  paychological  aak  gbyaiological  stressors. 

Tka  r arias  articles  era  games  to  this  publicatioa.  la  the  first,  Crsap  (•)  roriava  stress  atuklaa 
ia  air  traffic  coatrol  peraoaael.  After  klatlaguisklag  batmen  "stress"  (objective  d  meads  ueke  upoa  aa 
iakivikual)  aak  "strain"  (aubjoctlve  responses  to  these  d ass aka? ,  he  goes  oa  to  etate: 

"It  ia  generally  agreed  that  the  strain  uklch  results  froa  the  stresses  oa  the  controller  is 
kapaakaat  spaa  the  leaa-aaally  keflaakle  concepts  of  peraoaality,  skills,  aak  apt 1 take,  aak  inter* aning 
variables  such  as  age,  experience,  and  aor»le.  Strain  caa  be  aiutlfestek  ia  a  auaber  of  different  vaya  aak 
to  varying  degrees;  probably  the  aoat  cwsee  ayaptoa  la  fatigue." 

be  then  goes  oa  to  dlscuaa  other,  aore  chronic,  health-related  aanlfes tat lone.  Kith  regard  to  shift  vork, 
he  takes  the  position  that  this  aspect  of  air  traffic  coatrol  vork,  by  itself,  has  little  effect  oa  blo- 
chaalcal/physioloplcal  variables,  adding  that  where  affect*  are  seen  "other  factor*  auat  account  for  aay 
aaaaurak  atrasa.  The  aoat  obvious  source  of  stress  auat,  therefore,  he  workload.  There  are  a  auaber  of 
other  factors  which  aay  affect  physiological  stress  aaaifeatatlon.  For  instance,  the  effect*  of  cognitive 
appraisal  of  stress  have  been  found  to  affect  physiological  response.  Slallarly,  stress  itself  aay  act  as 
a  source  of  arousal  when  a  controller  ia  experiencing  fatigue." 

Cruap  then  goes  oa  to  dlscuaa  tvo  other  stressors  aa  factors  ia  ATC  vork: 

"Tlaw  is  a  vital  detent  Inant  of  ATC  stress.  One  consequence  of  tlae  stress  la  that  aa  workload 
increases  the  controller  tend*  to  aaploy  aore  procedures  which  are  less  costly  in  tlae,  together  with  a 
relaxation  of  certain  self-lapoaed  qualitative  criteria.  The  use  and  effectiveness  of  such  coping  tech¬ 
nique*  or  regulating  atrategiua  varies  between  individual  controllers  and  aay  depend  on  such  factor*  as 
age,  skill,  and  experience  .  .  ." 

"Another  factor  related  to  tlae  ia  the  auaber  of  decisions  to  be  aake,  which  becoaea  a  source  of 
stress  whan  a  coat roller' a  dec la loa-aaking  capacity  la  stretched  to  tho  naxiaua.  Therefore,  while  routine 
or  overlearat  tasks  aay  be  performed  adequately,  the  capacity  to  deal  with  extraordinary  situations  aay  he 
reduced  or  even,  sonatinas,  blocked  when  the  controller  ia  suffering  free  fatigue,  overload,  preoccupation, 
or  tka  effects  of  age." 

"While  this  type  of  ergoaonlc  approach  nay  laprove  our  understanding  of  the  causes  of  stress,  it 
ia  only  related  to  tha  controller  so  pert  of  a  system  rather  than  as  aa  individual.  Aa  a  result,  there 
tends  to  be  a  concentration  on  task  clamant*  ouch  aa  niory  and  decision -unking  to  the  exclusion  of  other 
inportaut  variables,  for  exanple,  personality,  interpersonal  interaction*  and  factors  outside  work  such  as 
koneatic  and  financial  problona,  all  of  which  aay  lap Inge  on  the  controller' a  performance." 

The  final  point  of  Interest  to  the  readers  of  this  paper  goes  aa  follows: 

"Bvikoaco  fron  tka  physiological  atuklaa  indicates  that  shift  vork  and  workload  stress  differ 
between  centres  but  are  no  greater  «kiea  compare*  to  normal  populations.  The  psychological  vork  on  anxiety 
aak  nook  largely  substantiate  these  flakiaga.  However,  these  results  do  not  agree  with  am  Investigation* 
Into  the  longer-torn  effects  of  ATC  vork  .  .  ." 
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The  mcoM  r«rlw  article,  by  Millar  (9),  deal*  specifically  with  17-ONCS  findings  la  military  flyara. 
lilt  autaaelva  re* law  includes  40  selected  references,  including  son a  from  our  laboratory  reviewed  prevl- 
owaly  la  this  paper.  Miller  offer*  the  following  emery: 

"Increased  adreaal  cort Icon ter old  secretion  occur*  to  response  to  flight  factor*  each  as  daa 
duratiaa  of  exposure,  degree  of  responsibility,  aad  amount  of  adaptatioa  (experience  level).  Cheage* 
pi tana,  uriaary  and  parotid  fluid  17-OMCS  concentration*  have  been  shown  to  he  aa  excellent  Index  for 
evaluation  of  atre**  .  .  .  the  story  of  response  to  atreas  of  coubat  la  aviators  is  only  heglaalag  to 
written." 
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PAST  IV 


It  is  tpftofri.'i  to  conclude  on  tkii  optinlstic  note.  This  has  h««n  a  wide-ranging  paper.  We 
started  with  the  mit.iylai  blochsulatry  and  the  die  Ida  t  loa  of  nechaniane,  aa  well  aa  the  rationale  for 
selecting  asne  we  a swres  ia  preference  to  others.  Me  provided  an  llluatratlve  study,  which  also  gives  the 
reader  a  gl lapse  of  the  utility  of  anlso  acid  assays  in  atress  research.  He  reviewed  over  a  dozen  studies 
frou  this  labor story,  displaying  not  only  the  historical  trend,  but  also  the  aultlpllclty  of  operational 
factors  which  have  been  evaluated.  Finally,  we  looked  at  a  few  wore  recent  studies,  sore  behevi orally 
oriented,  and  tun  reriawe. 

The  behavioral  side  of  this  hind  of  research  will  be  ex  an  load  in  a  second  paper.  Suffice  to  say,  for 
the  tine  being,  that  there  is  reasonable  congruence  between  behavior  and  biocbsalstry  provided  the  exanina- 
tion  of  such  a  relationship  in  sufficiently  global.  Certainly  there  is  coufort  to  be  found  in  at  leant  one 
aspect— when  behavioral  nan euros  indlcati  no  wore  than  aild  stress,  the  biochanical  nee nurse  agree.  He  can 
even  go  further— when  we  use  global,  qualitative  terns  for  the  stress  of  a  particular  occupation,  like 
"wild,"  "noderate, "  "severe,"  there  is  considerable  support  and  agreement  between  the  two  approaches. 
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MmooucnoN 

In  1729  de  Mairan  (1)  first  reported  to  the  French  Royal  Academy  of  Sciences  in  Paris,  that  a 
biological  organism  (a  "sensitive  plant")  would  continue  to  have  a  29  hour  rhythm  of  activity  when 
light-dark  entraining  stimuli  were  absent.  De  Candolle  (2),  in  1832  first  described  a  free-running 
rhythm  in  the  same  species  of  plant  with  a  progressive  phase  advance  of  1.5  to  2  hours  per  day. 
Subsequent  studies  have  demonstrataed  that  organisms  not  entrained  by  29  hour  "zeitgebers"  (time 
cues),  develop  daily  cycles  with  periods  greater  or  less  than  29  hours  (3).  Extensive  research  in 
animals  utilizing  a  rest-activity  measurement  has  demonstrated  that  these  "free-running"  period 
lengths  are  species-specific  and  genetically  influenced.  When  an  animal  is  maintained  in  constant 
conditions  the  new  cycle  length  can  be  remarkably  constant  fcr  months  to  several  years  (9-7).  In 
1962,  Aschoff  and  Wever  (8)  did  their  studies  on  three  men  and  three  women  living  for  8  to  19  days  in 
a  "deep  cellar"  in  Munich,  and  first  demonstrated  that  normal  man  would  also  maintain  a  "circadian" 
activity-rest  cycle  which  would  "free-run"  with  a  non-29  hour  period  when  isolated  from  all  time 
cues.  Many  subsequent  studies  have  repeatedly  confirmed  those  observations  in  man  (9-12),  and 
have  extended  the  measurements  to  include  body  temperature,  urinary  electrolytest  and  certain 
hormonal  metabolic  products  (13-17).  In  almost  all  instances  of  several  hundred  such  studies  now 
performed  (18-29)  including  cave  and  controlled  laboratory  environments,  the  period  length  of  such 
activity-rest  rhythms  have  been  greater  than  29  hours  typically  occurring  at  approximately  25  hours. 
Important  conclusions  have  been  arrived  at  such  as  the  change  of  phase  angle  relationship  between 
body  temperature  and  rest  time  (17,25),  the  ability  of  different  variables  to  develop  independent 
cycle  lengths  during  free-running  (26,27),  and  the  concept  of  multiple  oscillators  normally 
synchronized  with  each  other  but  which  can  become  desynchronized  under  free-running 
conditions(28,29).  The  importance  of  "social"  entraining  rather  than  light-dark  cues  for  man  has 
been  emphasized  (30),  and  in  some  subjects  the  ability  to  develop  and  sustain  very  long  rest-activity 
periods,  (between  30  and  50  hours  in  length)  has  been  recognized  (19,18,31,13,1 1). 

It  has  been  assumed  that  the  "rest"  segment  is  a  sleep  period  in  these  studies  determined  either  by 
"lights  out,"  absence  of  activity,  or  "bed-rest"  time.  Except  for  the  cave  studies  of  Jouvet  et  al 
(19),  and  the  short  "isolation"  studies  of  Webb  et  al  (22-29),  systematic  studies  of  the  temporal 
complexity  of  poiygraphically  defined  sleep  stages  have  not  been  reported.  Analysis  of  the 
previously  reported  detailed  sequential  durations  of  the  "rest"  (selected  lights  out)  time  indicates 
that  a  significant  day  to  day  variability  is  present  in  almost  all  subjects,  suggesting  that  interval 
sleep  stage  amounts  and  timing  may  be  related  to  such  variability.  The  previous  assumption  that 
"rest"  is  sleep  cannot  be  made.  These  events  alter  biological  rhythm  cyclic  properties  and  will 
influence  other  correlative  measured  periodic  events  such  as  body  temperature  and  hormonal  cycles. 
All  previous  reported  studies  have  maintained  subjects  in  time-free  environments  totally  isolated 
from  direct  human  contacts  during  the  duration  of  their  stay.  We  considered  it  important  to  study 
subjects  in  temporal  isolation  but  with  human  social  communication.  This  has  the  major  advantage 
of  allowing  us  to  make  certain  biological  measurements  and  psychological  observations  not  possible 
with  the  previous  constraints.  Finally,  all  previous  studies  of  hormonal  cycles  in  temporal  isolation 
studies  have  only  used  urinary  measurements  of  derived  metabolic  products  (8,13).  In  a  series  of 
recent  studies,  (32-36),  we  had  developed  methods  of  obtaining  frequent  plasma  samples,  and 
demonstrated  that  important  relationships  exist  between  hormonal  blood  concentrations,  sleep  and 
sleep  stages. 

We  have  carried  out  detailed  and  prolonged  measurements  of  sleep-waking  function  in  human 
subjects  for  time  periods  ranging  from  25  to  105  calendar  days.  J/e  measured  polygraphic  sleep- 
stage  characteristics,  minute  by  minute  body  temperatures  and  frequent  (approximately  20  minutes) 
blood  sampling  for  cortisol  and  growth  hormone  in  normal  adult  men  living  in  an  environment  free  of 
all  time  cues,  under  entrained,  free -running  and  re-entrained  conditions.  The  results  described  are 
part  of  a  comprehensive  multi-variable  study  of  the  chronophysiology  of  man  living  in  a  time  free 
environment  with  a  non-schedule  daily  pattern  of  living. 
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A  special  environment  was  established  where  the  individual  subjects  lived  for  many  weeks.  A  three 
room  apartment  (study,  bedroom  and  bathroom)  was  arranged  without  windows,  the  walls  sound 
attenuated  and  a  double  door  entrance,  temporal  isolation  facility  (ITF).  A  closed  circuit  TV  system 
and  voice  intercom  monitored  the  subject's  activities. 

Ten  male  subjects  were  individually  studied.  The  first  group  (3  subjects,  FR01,  2  and  3)  was  studied 
for  15  calendar  days  and  the  second  group  (6  subjects,  FRO&,  5,  6,  7,  9, 10)  for  25  calendar  days  and  a 
single  subject  (PRO!)  for  an  extended  stay  of  105  calendar  days  (Table  1).  No  subject  had  significant 
psychopathology,  medical  illnesss,  nor  were  any  on  drugs.  Each  subject  kept  a  written  daily  diary  of 
sleep  times  for  at  least  2  weeks  and  maintained  a  regular  scheduled  sleep-wake  schedule  in  accord 
with  their  usual  habits.  After  entry  in  the  TIF,  an  entrained  condition  of  3  or  4  scheduled  24  hour 
sleep-wake  periods  preceded  the  non-scheduled  "free-running"  portion  of  the  study.  The  entrained 
clock  times  was  determined  by  the  subjects  recorded  habitual  lights  off-lights  on  time  at  home. 
The  subject  was  told  that  his  sleep  time  would  be  scheduled  for  certain  portions  of  th~  study  but  was 
not  advised  of  the  clock  times  nor  the  duration.  F ollowing  the  entrained  portion,  each  subject  was 
told  that  he  could  choose  to  go  to  sleep  and  awaken  at  any  time  he  wishes.  He  was  not  allowed  to 
"nap."  A  decision  to  go  to  sleep,  therefore,  represented  the  sleep  period  for  that  biologic  "day." 
Food  was  available  to  the  subject  on  demand  as  breakfast,  lunch,  dinner  and  a  "snack."  The  subject 
could  request  any  meal  type  at  any  time.  A  set  of  buttons  were  available  which  when  pushed  was 
coded  on  a  paper  punch  tape  and  indicated  the  behavior  the  subject  was  about  to  initiate  and  the 
elapsed  time  (to  the  nearest  minute)  from  the  beginning  of  the  study.  These  behaviors  included  meal 
and  type,  sleep  time,  awake  time,  urinate,  take  shower,  defecate,  hlood  sample  and  exercise.  The 
paper  punch  tape  structured  the  entire  time  series  of  each  study. 

The  subject  was  totally  isolated  from  contact  with  all  non-laboratory  persons  but  communicated  by 
intercom  and  direct  discussion  with  selected  laboratory  staff.  The  supervising  staff  members  were 
scheduled  on  a  random  basis  as  to  time  of  day  and  duration  of  work-shift  to  prevent  the  subject  from 
obtaining  a  time  cue. 

The  following  measurements  were  made  for  each  subject.  (1)  Polygraph-Sleep  Recording  -  The 
interval  between  the  subject's  decision  to  sleep  and  lights-out  with  full  electrode  application  was 
less  than  15  minutes.  All  polygraphic  records  were  scored  by  standard  metliods  (37). 

(2)  Recta]  Temperature  -  A  rectal  thermistor  probe  was  maintained  by  each  subject  throughout  the 
entire  study  except  for  brief  daily  periods  of  defecation.  The  temperature  was  automatically 
recorded  every  minute  on  the  punch  paper  tape  and  a  print-out. 

(3)  Plasma  Cortisol  and  Growth  Hormones  -  A  catheter  with  3  holes  at  the  tip  instead  of  the  usual 
one,  was  inserted  into  an  arm  vein  of  nine  subjects  at  the  start.  At  approximately  20  minutes, 
sampling  of  blood  was  obtained.  This  venous  catheter  was  changed  at  2-5  day  intervals  using 
alternating  arm  veins  without  interrupting  the  sampling.  Subject  PROl  did  not  have  blood  samples 
obtained.  Plasma  cortisol  assays  were  performed  using  tne  competitive  protein  binding  technique 
(38).  The  samples  were  assayed  ir»  duplicate  using  25ul  aliquot  for  each  assay.  HGH  was  assayed  in 
duplicate  from  each  plasma  sample  by  radioimrr.  ,noassay  using  20ul  of  plasma  for  each  assay. 

(4)  Polygraphic  Data  Scoring  -  AITscored  data  was  transferred  to  a  computer  compatible  format  and 
analyzed  for  total  sleep,  lights  out,  and  all  sleep  stages  for  each  lights  out-sleep  period.  The  pattern 
of  sleep  stage  sequences  was  virualized  by  a  special  display  program.  A  quantitative  determination 
was  made  for  a  set  time  perod  of  the  percent  of  each  sleep  stage  and  waking.  Tne  result  of  that 
analysis  was  also  displayed  utilizing  a  computer  plotting  technique. 

(5)  Special  Mathematical  Techniques  and  Computer  Algorithms  -  In  addition  to  the  usual  statistical 
method  of  analysis  and  computer  plotting  and  display  routines,  several  mathematical  techniques 
were  created  to  assist  in  the  analysis  of  the  data.  These  include  a)  estimate  of  period  length  using  a 
minimum  variance  fit,  b)  wave  form  eduction  and  c)  averaged  time  locked  response. 

ACTIVITY-REST  CYCLE  AND  SLEEP  STAGE  RESULTS 

Each  of  the  10  subjects  developed  a  free-running  sleep-wake  cycle  following  the  entrained  baseline 
condition.  In  each  case  the  mean  period  length  was  longer  than  24  hours  (Tr.blc  1).  The  subject 
population  was  divided  into  two  types  (excluding  the  tenth  subject  (PROO).  In  Type  A,  (6  subjects  - 
FROl,  2,  5,  6,  7,  9)  the  period  lengths  during  FR  averaged  between  24.4  and  26.2  hours,  whereas  Type 
B  (3  subjects  -  FR03,  4,  10)  had  consistently  long  periods  greater  than  37  hours.  The  lights-out 
period  for  the  type  B  subjects  ranged  from  8  to  20  hours,  with  an  average  of  14  hours.  Linear 
regression  analysis  through  mid-sleep  times  demonstrated  a  very  stable  period  length,  (r*  0.99  for 
each).  Short  sleep  periods  recurred  at  a  regular  phase  of  the  circadian  cycle  with  a  period  slightly 
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longer  than  24  hours.  The  long  sleep  periods  began  at  a  phase  angle  approximately  180  degrees 
shifted  from  that  of  the  short  sleep  periods.  Variation  in  sleep  lengths  were  related  to  the  phase  of 
the  ongoing  circadian  oscillation  at  which  the  sleep  period  occurs.  When  prior  wakefulness  lasted 
more  than  1440  minutes,  there  was  a  clear  increase  of  sleep  length  with  episodes  lasting  600  to  1200 
minutes. 

Subject  PR#  lived  under  "free-running"  conditions  for  80  calendar  days  and  demonstrated  several 
important  features.  He  maintained  a  regular  free-running  period  length  of  approximately  25  hours 
for  the  first  30  activity-rest  cycles.  He  then  developed  an  activity-rest  cycle  pattern  consisting  of 
alternating  long  cycles  {  36  hours)  with  a  series  of  shorter  cycles  (approximately  25  hours).  This 
alternating  pattern  persisted  until  it  was  interrupted  by  a  special  light-dark  entrainment  protocol  on 
calendar  day  84.  The  sleep  time  continued  cn  an  approximately  25  hour  period  length  in  spite  of  the 
interruption  by  very  long  non-circadian  periods.  These  approximately  25  hcur  self-selected  sleep- 
wake  times  were  therefore  entrained  to  an  internal  periodic  process,  which  can  be  considered  an 
"internal  zeitgeber."  The  long  sleep  periods  (  600  minutes)  occurred  at  a  phase  angie  approximately 
180  degrees  shifted  from  the  short  sleep  periods  but  in  parallel  with  the  same  period-length  mid- 
sieep  regression  line.  Analysis  of  the  relationship  between  length  of  sleep  period  and  length  of  prior 
wakefulness  demonstrated  that  for  only  7  out  of  16  waking  periods  lasting  greater  than  20  hours,  did 
the  subsequent  sleep  period  exceed  12  hours  in  length.  However,  as  was  the  case  for  the  other 
subjects,  no  long  sleep  period  *vas  preceded  by  a  wake  period  less  than  20  hours  in  length. 

There  was  a  rapid  phase  delay  of  lights-out  and  sleep  onset  of  at  least  6  hours  within  48  hours  of  the 
onset  ol  the  free-running  condition  for  S  of  ti»C  /  SUbjCCw*  The  ninth  subject  (FR<B7)  delayed  his 
sleep  onset  by  5  hours  on  the  third  biologic  day.  In  addition,  all  6  subjects  in  Group  A  had  a 
characteristic  "scalloped"  appearance  of  the  timing  of  lights-out  with  a  variable  cycle  of  3-4  days. 
This  could  not  be  explained  as  a  "transient"  process  related  to  the  onset  of  FR  since  it  clearly 
continued  throughout  the  FR  condition  in  four  subjects  (FR<J2,5,7,9). 

The  lights-out  period  in  general  corresponded  with  die  sleep  period  for  each  subject  and  for  each 
night.  However,  it  was  found  that  at  times,  the»-e  was  a  short  delay  from  lights-out  to  sleep  onset. 
The  two  older  subjects  (ages  50,  51)  (FR<29  and  FRIO)  consistently  interrupted  their  sleep  periods  by 
awakening  for  short  periods  during  the  subjective  night  as  well  as  remain  awake  in  the  dark  for 
periods  up  to  one  hour  after  awakening  and  prior  to  signaling  "lights  on."  These  waking  interruptions 
were  also  present  during  the  entrained  segment  as  well.  These  findings  emphasize  the  importance  of 
defining  sleep  stages  polygraphically  when  measurements  of  biological  rhythm  variables  are  made. 

There  was  considerable  variability  in  the  mean  total  sleep  time  (TST)  during  FR  with  two  subjects 
averaging  13.8  and  12.8  hours  (FR03,  FR<JS4).  In  spite  of  this  variability  in  total  sleep  time  per  sleep 
period  during  FR,  the  ratio  of  sleep  time  to  period  length  only  varied  between  .24  and  .35  across 
subjects  with  an  average  of  .29.  This  compared  with  .30  during  the  entrained  condition.  When  the 
entrained  ratio  was  compared  to  the  FR  ratio  for  each  subject,  it  was  noted  that  two  subjects  with 
high  entrained  ratios  (long  sleepers)  (.31  and.32)  increased  the  value  to  .35  and  .34  respectively 
during  free-running,  whereas  four  subjects  with  the  lowest  entrained  ratios  (.27,  .28,  .29  and  .29) 
(short  sleepers)  all  decreased  the  ratio  to  .25^25^24  and  .25  respectively  during  FR.  fhe  3  other 
subjects  with  intermediary  entrained  values  had  little  change  during  FR. 

The  sleep  stage  characteristics  for  all  subjects  were  compared  as  a  function  of  sequential 
experimental  nights  during  the  three  experimental  conditions  (Entrained,  Free- Running  and  Re- 
Entrained).  The  values  of  RTM  %  of  TST  were  remarkably  constant  throughout  and  did  not  differ 
significantly  as  a  function  of  experimental  conditions.  The  stages  3*4%  of  TST  did  increase  to  a 
small  extent  from  the  entrained  (27.8%)  to  the  FR  (29.8%)  condition,  especially  during  the  last  6  FR 
sleep  periods.  A  small  average  increment  occurred  during  the  five  re-entrainment  nights  (32.2%)  for 
5  subjects. 

An  interesting  result  was  obtained  when  comparisons  were  made  for  REM%  of  TST,  by  subject  and 
by  experimental  condition.  There  was  considerable  variability  in  REM  sleep  across  subjects  (range 
15  to  30%),  during  the  entrained  period.  However,  the  intra-subject  variability  was  very  small  as  a 
function  of  experimental  conditions.  This  was  net  the  case  for  stages  3*4  since  both  the  inter  and 
intra-subject  variability  was  similar  in  all  3  experimental  conditions.  These  results  indicate  that 
each  subject  maintained  an  individual  control  of  REM%  of  sleep  time  which  was  independent  of  the 
entrained  or  free-running  state.  This  does  not  apear  to  be  the  case  for  stages  3  and  4  sleep. 

Three  subjects  (FRO,  4  and  10)  consistently  had  long  sleep  periods  associated  with  long  sleep-wake 
cycle  lengths.  There  were  a  total  of  26  sleep  perids  lasting  12  hours  or  longer.  These  long  sleep 
periods  differed  from  the  short  sleep  periods.  The  timing  of  the  onsit  of  these  long  sleep  periods 
occurred  at  a  different  phase  of  the  subjects  circadian  temperature  rhythm  (130  degrees  to  270 
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degrees,  O  degrees  =  mid-trough)  than  the  onset  of  the  short  sleep  periods  (270  degrees  to  120 
degrees).  In  addition,  during  the  long  sleep  episodes,  sustained  stages  3  and  4  sleep  would 
characteristically  occur  between  12  and  IS  hours  alter  sleep  onset.  However,  the  first  4  hours  of 
the  long  sleep  petiods  did  not  differ  significantly  in  regard  to  the  characteristic  timing  and  amount 
of  Stages  3  and  4  sleep  seen  under  entrained  conditions.  Thus  despite  normal  amounts  of  3-4  sleep 
present  at  the  onset  of  these  long  sleep  periods,  stage  3-4  would  reappear  after  12  to  16  hours  of 
sustained  sleep.  Although  occasional  awake  episodes  interrupted  these  long  sleep  times,  (especially 
for  subject  FRIO)  they  were  not  sufficiently  long  to  explain  the  reoccurrence  of  stages  3  arid  4. 

AnoT.ier  characteristic  difference  between  the  long  and  short  sleep  periods  was  the  timing  and 
amount  of  REM  sleep  within  the  first  3  hours  after  sleep  onset.  All  of  the  sleep  periods  which  had  a 
very  small  REM  latency  (  20  minutes)  were  short  sleep  periods  during  the  FR  conditions.  The  mean 
REM  latency  (sleep  onset  to  onset  of  first  REM  period)  clearly  decreased  for  9  of  the  10  subject? 
(FR09  was  the  exception)  comparing  entrained  to  the  free-running  condition.  A  partial  recovery 
took  place  during  the  re-entrainment  conditions.  In  addition,  the  mean  total  minutes  of  REM  sle  ;p 
in  the  first  3  hours  of  sleep  increased  for  8  of  the  9  subjects  (subject  FR(&9  excepted)  between 
entrainment  and  free-running).  However,  during  re-entrainment  these  values  did  not  returr  to 
baseline.  The  timing  and  amount  of  REM  sleep  during  the  first  3  hours  after  sleep  onset  in  PR<#  was 
determined  during  the  free  running  condition  when  he  had  the  alternating  long  and  short  sleep-wake 
cycles.  All  the  nights  with  a  short  REM  latency  (  10  minutes)  and  the  nights  with  more  than  30 
nrvnc^s  of  REM  sleep  in  the  first  3  hours  except  one  occurred  within  90  degrees  of  the  nadir  (0 
degrees)  of  the  circadian  temperature  rhythm.  In  addition,  for  12  REM  onsets  which  occurred  within 
10  minutes  of  sleep  onset,  11  occurred  within  60  degrees  of  a  specific  phase  (mid-trough)  of  the 
circadian  temperature  rhythm. 

An  analysis  was  made  of  REM-Non-REM  sleep  cycling  during  the  different  experimental  conditions. 
The  latency  in  minutes  from  sleep  onet  to  first  mid-REM  period,  first  mid-REM  to  second  mid-REM, 
etc.  was  determined.  It  was  found  that  except  for  a  shortened  latency  from  sleep  onet  to  the  mid- 
first  REM  period  di  ng  free-running  there  were  no  differences  in  cycle  lengths  as  a  function  of 
experimental  condition.  There  was  a  consistent  decrease  in  cycle  length  for  the  fourth  and  fifth 
cycle  for  each  condition.  The  sleep  cycle  length  remained  stable  x  85  minutes)  for  up  to  11  cycles 
during  the  long  sleep  periods  (  10  hours).  Thus  there  is  m  evidence  that  sleep  stage  cycle  length  is 
altered  by  the  increased  sleep-wake  period  length  during  free-running  conditions.  In  addition, 
previous  ported  results  (39)  of  a  stable  but  slightly  reduced  cycle  length  when  sleep  is  extended, 
are  confirmed  by  these  data  for  those  long  sleep  periods  which  extend  from  10  to  20  hours. 

BODi'  TEMPERATURE  RHYTHM 

The  mean  core  (rectal)  temperature  for  all  subjects  as  a  group  was  essentially  the  same  in  all  three 
conditions.  However,  lor  each  subject  in  Group  A  there  was  an  increase  in  the  mean  temperature 
during  FR  whereas  there  was  a  decrease  for  each  subject  in  Group  B.  During  re-entrainment,  the 
mean  value  of  most  subjects  had  returned  to  that  of  the  entrained  section. 

During  the  entrained  condition,  the  rectal  temperature  curve  (values  obtained  every  minute) 
demonstrated  the  well  described  sharp  fall  (1-2  degrees  F)  following  sleep  onset  (17,15,40),  A  small 
decrease  in  temperature  typically  occurred  at  approximately  3  hours  before  sleep  onset  with  a  sharp 
elevation  of  temperature  at  the  end  of  the  sleep  period.  During  "Free-Running"  for  all  subjects  in 
Group  A  a  change  in  both  phase  and  shape  of  the  curve  occurred  (25).  The  temperature  began  to 
decrease  6  to  8  hours  prior  to  sleep  onset.  At  the  time  of  choosing  sleep  the  body  temperature  was 
close  to  the  lowest  value  of  the  circadian  rhythm.  An  additional  small  fall  of  temperature  (0.5 
degrees  F)  took  place  just  after  sleep  onset  during  FR.  During  rt-entrainment,  the  curve  was 
similar  to  that  found  in  the  entrained  condition,  although  it  had  not  fullv  established  the  original 
shape.  In  two  subjects  with  long  sieep  periods  a  wave  shape  pattern  was  educed  during  the  FR 
condition  at  the  same  period  length  as  the  sleep-wake  cycle  (39.1h  (FR03)  and  37.6h  (FR04))  and  one 
at  a  period  length  near  25  hours  (24.6  (FR03)  and  24.7  (FRQ54)).  The  cuives  at  the  long  period 
lengths,  resembled  those  in  the  entrained  conditions  (normalized  to  360  degrees),  both  in  shape  and 
phase  relationship  to  the  average  sleep  time.  These  results  suggest  that  the  approximately  40  hour 
component  in  the  temperature  rhythm  was  a  "response"  to  sleep  onset  in  the  sleep-wake  cycle  rather 
than  an  independent  self-sustained  rhythm.  In  eac.i  of  these  cases  (FR03,  04,  10)  as  mentioned 
above  there  was  also  an  approximately  25  hour  component  in  the  circadian  temperature  rhythm. 
The  amplitude  was  small  (approx.  1  degree  F)  compared  to  the  entrained  condition  (approx.  2.0 
degrees  F)  and  compared  to  subjects  FR  with  a  sleep-wake  cycle  of  approximately  25  hours  (1.5  to 
2.0  degrees  F). 

Subjects  PR01  had  a  small  drop  of  overall  mean  temperature  in  the  entrained  compared  with  the 
Free-Running  Condition  (98.42  degrees  to  98.17  degrees  F).  He  had  a  circadian  temperature  period 


length  of  25.0  hours  during  the  first  30  free-running  days  which  shortened  to  24.55  during  the  next 
50  days. 

PLASMA  CORTISOL  PATTERNS 

We  have  been  successful  in  obtaining  plasma  samples  at  20  minute  intervals  for  each  of  9  subjects 
during  the  experimental  conditions  (FR<#  -  FRIO;  total  samples  obtained,  15,000). 

During  the  entrained  condition  all  subjects  demonstrated  the  normal  episodic  pattern  of  secretion 
during  each  24  hour  period.  The  typical  pattern  was  evident  with  very  low  values  just  prior  to  and 
during  the  first  3  hours  of  sieep,  followed  by  a  series  of  secretory  episodes  during  the  latter  half  of 
the  night.  An  intermittent,  episodic  secretory  pattern  was  present  during  the  waking  day  (32,33). 
The  educed  wave  form  for  the  entrained  condition  also  demonstrated  this  circadian  pattern  of 
hormonal  activity.  During  the  free-running  condition,  a  clear  phase  advance  and  change  of  wave 
shape  of  the  circadian  cortisol  curve  was  evident  for  subjects  FR05,  FR<06,  FR07.  The  nadir  of  the 
curve  was  now  occurring  100  to  150  degrees  in  advance  of  that  during  entrainment  with  respect  to 
sleep  onset.  In  addition,  the  average  rate  of  rise  of  cortisol  after  the  low  point  was  much  more 
gradual,  nevertheless  reaching  the  highest  value  at  approximately  the  same  time,  namely  the  end  of 
the  sieep  period. 

It  is  important  to  emphasize  that  the  process  of  wave  form  eduction  produces  an  overall  mean  curve 
at  a  defined  period  length  and  therefore  will  "smooth  out"  specific  point  related  events. 
Examination  of  the  cortisol  time  series  itself  revealed  that  on  many  "free-running"  days,  especially 
with  v  progressive  phase  delay,  cortisol  would  be  secreted  just  before  sleep  onet  and  then  would  stop 
being  secreted  for  several  hours  just  after  sleep  onset. 

The  duration  of  this  inhibition  was  1-3  hours  at  the  beginning  of  sleep  and  did  not  continue 
throughout  sleep.  Sleep  onet  was  therefore  used  as  a  "zero"  point  about  which  a  time  locked 
response  cortisol  curve  was  obtained  in  several  subjects.  All  demonstrated  a  clear  pattern  of 
cortisol  inhibition  following  sleep  onset.  Therefore  during  the  free-running  condition  a  phase 
advance  of  cortisol  occurred  in  relation  to  the  sleep  period,  the  overall  wave  shape  was  changed  and 
a  specific  sleep  related  inhibition  of  cortisol  secretion  was  apparent.  During  the  re-entrainment 
condition,  a  similar  pattern  was  evident  since  the  phase  relationship  between  the  cortisol  rhythm 
and  sleep  had  not  yet  returned  to  normal.  Therefore  the  subject  was  going  to  sleep  when  the 
concentration  of  the  hormone  was  high.  Evidence  that  this  sleep  related  inhibition  may  well  be 
operative  even  in  subjects  habitually  living  on  a  24  hour  routine  may  be  deduced  from  the  data 
obtained  during  the  transition  from  the  entrained  to  the  free-running  condition  on  those  nights  when 
a  phase  delay  of  sleep  onset  on  a  single  night  exceeded  2-3  hours.  On  those  occasions,  the  hormone 
was  released  just  before  sleep  and  then  immediately  inhibited  after  sleep  onset. 

It  thus  appears  that  the  episodic  pattern  of  cortisol  secretion  is  influenced  both  by  an  endogenous 
rhythmic  component,  not  directly  related  to  the  behavioral  sleep-wake  cycle  and  a  specific  sleep  (or 
lights  out  in  bed)  related  component.  Whether  other  daily  behavioral  events  such  as  sleep  onset, 
lights  on,  out  of  bed,  meal  time,  etc.  are  also  determinants  of  the  episodic  pattern  will  require 
further  detailed  analysis  of  the  extensive  data  we  have  obtained  in  these  studies. 

GROWTH  HORMONE  PATTERNS 

HGH  was  found  to  be  secreted  in  an  episodic  normal  manner  in  all  subjects  with  the  typical  pattern 
of  brief  episodes  of  secretion  (1-2  hours)  followed  by  long  inter-episode  intervals  (6-1?  hours)  with 
no  HGH  detectable  (41).  The  hormonal  concentration  was  less  than  the  overall  average  (1  ng/ml) 
80%  of  the  time.  A  striking  highly  consistent  relationship  between  sleep  onset  and  an  episode  of 
HGH  secretion  wa found  for  all  3  experimental  conditions  for  all  subjects  (43,44,34).  A  clear 
secretory  episode  lowed  sleep  ^net  approx.  90%  of  the  time.  Thus  far  no  independent  rhythm  of 
HGH  could  be  detected  but  further  analysis  for  an  ultradian,  or  specific  behavioral  related  event 
will  be  searched  for. 

SUMMARY  AND  CONCLUSIONS; 

We  confirm  previous  studies  h  at  biological  rhythms  of  human  beings  free-run  at  period  lengths 
greater  than  24  hours,  typically  at  approximately  25  hours,  but  with  individual  variability.  After  a 
variable  time  of  free-running,  many  normal  humans  will  spontaneously  develop  "long"  biologic  days  ( 
35  hours)  and  often  these  wili  alternate  with  "short"  days,  (approximately  25  hours). 

During  free-running,  although  the  sleep  to  total  time  ratio  remains  remarkably  constant  (approx. 
.30),  short  sleep  periods  (  10  hours)  occur  at  a  specific  phase  angle  of  an  internal  circadian  rhythm 


(e.g./body  temperature)  whereas  long  sleep  periods  (  12  hours)  take  place  approximately  ISO  degrees 
out  of  phase  with  the  short  sleep  periods,  but  maintain  the  same  period  length.  Sleep  stage 
organization  changes  during  "free-running"  such  that  REM  sleep  advances  to  an  earlier  time  during 
sleep,  with  a  shortened  REM  latency  (occurring  at  times  less  than  10  minutes  after  sleep  onset)  and 
increased  amounts  during  the  first  3  hours  of  sleep.  The  total  REM  amount  and  percent  for  the 
entire  sleep  period  however  remains  constant.  The  timing  and  amount  of  REM  sleep  following  sleep 
onset  also  occurred  preferentially  at  a  specific  phase  of  the  circadian  temperature  cycle,  strongly 
supporting  the  concept  that  certain  sleep  processes  in  the  brain  are  endogenous  biological  rhythms. 
The  stage  3-4  sleep  distribution  remains  essentially  the  same  during  the  three  experimental 
conditions.  During  the  long  sleep  periods  (  12  hours),  stages  3  and  4  recur  following  14  to  16  hours  of 
sleep  indicating  that  these  stages  are  not  dependent  on  length  of  prior  waking  but  may  be  related  to 
length  of  prior  elapsed  time. 

The  Core  (rectal)  temperature  develops  an  approximate  25  hour  rhythm  in  humans  during  free- 
running,  but  the  wave-shape  changes  such  that  a  phase  advance  (6-S  hours)  of  the  falling  phase 
develops  in  relation  to  the  onset  of  sleep.  The  subject  usually  then  selects  sleep  when  the  circadian 
temperature  approaches  its  lowest  value  of  the  day.  In  addition,  at  the  time  of  sleep  onset  (lights 
out  and  in  bed)  there  is  an  additional  dt  op  of  body  temperature.  This  is  especially  noted  when  sleep 
onset  occurs  when  the  immediately  pn  ceding  core  temperature  is  high  (e.g./for  the  long  sleep 
periods). 

Measurements  of  plasma  cortisol  throughout  each  study  demonstrated  two  components  of  the 
circadian  cortisol  curve  during  free-running.  One  component  had  a  phase  advance  (6-8  hours) 
relative  to  sleep  onset  wnereas  a  second  component  clearly  followed  sleep  onset.  This  second 
component  appeared  to  be  a  sharp  inhibition  of  cortisol  secretion  during  the  first  2-3  hours  c  '  sleep 
interrupting  a  rising  phase  of  the  hormonal  curve.  Growth  hormone  secretion,  on  the  other  hand, 
was  intimately  related  to  the  first  2  hours  after  sleep  onset.  A  sharp  episode  of  hormonal  secretion 
occurred  just  after  sleep  onset  for  almost  all  sleep  periods.  No  other  independent  circadian  rhythm 
of  GH  has  been  detected  thus  far. 

These  and  previous  reported  studies  emphasize  the  lawfulness  of  biological  rhythm  functions  in  man 
and  demonstrate  the  importance  of  the  methodology  using  temporal  isolation  and  the  analysis  of 
"free-running"  rhythms  to  unravel  these  chronobiotogical  processes. 
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SUMKUtY 

While  the  type  of  sleep  obtained  does  not  appear  to  be  an  important  factor  in  per¬ 
formance  ,  the  tine  of  day  the  sleep  is  obtained  and  whan  the  performance  occurs  are  very 
important.  Tiae-of-day  effects  uy  be  a  wore  crucial  factor  in  performance  than  the 
preceding  sleep  patterns.  While  the  effect  of  total  sleep  loss  becomes  pronounced  after 
4B  to  CO  hours,  consistent  performance  decrement  following  reduced  sleep  or  fragmented 
sleep  has  not  been  found.  Feelings  of  fatigue,  however,  are  a  consistent  finding  in  all 
sleep-loss  studies.  A  significant  relation  between  sleep  quality  (good  vs.  poor  sleep) 
and  performance  is  not  easily  found.  The  deleterious  effect  of  hypersomnia,  especially 
that  due  to  narcolepsy,  has  been  documented. 

INTRODUCTION 

while  it  was  a  relatively  simple  task  to  talk  yesterday  about  sleep  disturbances, 
detailing  the  consequence  of  disturbed  sleep  on  performance  is  more  difficult.  Although 
it  is  a  well-accepted  conclusion  that  a  good  night's  sleep  is  crucial  if  one  is  to  be 
"at  his/her  best"  the  next  day,  consistent  quantitative  data  detailing  the  detrimental 
effects  of  disturbed  sleep  are  not  readily  available.  Insomniacs  feel  that  even  a 
single  night  of  disturbed  sleep  will  impair  their  functioning  the  following  day.1 
Significant  performance  impairment  has  been  reported  following  acute  sleep  reduction  in 
normal  subjects,2' 3  but  others  have  reported  no  performance  iapainsent  during  gradual 
sleep  reduction.*  While  it  is  difficult  to  present  clear  and  consistent  effects  on  per¬ 
formance,  fatigue  is  a  concept  that  appeared  in  sleep-disturbance  studies  from  all  areas. 
When  referring  to  the  consequences  of  total  sleep  loss,  a  sleep  deficit,  or  to  frag¬ 
mented  sleep  schedules,  fatigue  is  a  unifying,  though  over-simplified,  concept.  Fatigue 
is  an  inevitable  consequence  of  sleep  loss.  It  is  what  caused  our  subjects  to  discon¬ 
tinue  their  gradual  sleep  reduction,  as  their  total  sleep  time  approached  4  to  5  hours. 
Fatigue  is  the  complaint  after  a  jet  flight  across  several  time  zones,  it  is  what  shift 
workers  complain  about,  and  "always  being  tired"  is  a  common  complaint  of  the  insomniac. 
The  complaint  of  fatigue  may  be  the  first  indicator  of  disturbed  sleep  and  it  usually 
precedes  performance  decrement. 

Fatigue  as  a  Concept 

Klein,  Bruner,  Ruff,  and  Weggman,5  in  their  discussion  of  the  importance  of  fatigue, 
emphasised  that  terms  like  "workload"  and  "stress"  should  not  ba  used  as  synonyms  for 
fatigue.  For  them,  stress  is  a  part  of  a  workload,  and  workload  is  a  cause  of  fatigue; 
hence,  fatigue  is  a  consequence  of  stress  and  workload.  Klein  and  his  associates  have 
emphasized  the  interactions  of  the  various  stressors,  the  difficulty  of  obtaining  an 
absolute  measure  of  fatigue,  and  the  problem  of  establishing  the  relative  weights  to 
assign  to  the  various  factors  contributing  to  fatigue.  As  Klein  et  al.  so  aptly 
commented,  the  unraveling  of  cumulative  fatigue  into  its  component  parts  is  extremely 
complex. 

When  considering  the  effects  of  sleep  disturbances,  factors  other  than  performance 
should  be  taken  into  account  and  examined  in  some  detail.  Recent  studies  have  revealed 
that  performance  degradation  following  sleep  loss  might  remain  small,  not  because  sleep 
deficit  has  only  a  minor  influence  on  task  performance  but  because  task  performance  is 
kept  at  a  high  level  by  greater  compensatory  efforts.  As  shown  in  the  various  studies 
by  Hale  and  his  associates,6*10  sleep-deprived  subjects  mobilize  and  expend  a  considera¬ 
ble  amount  of  biochemical,  physiological,  and  behavioral  resources  to  maintain  their 
presleep- loss  level  of  performance.  "Physiological  cost,"  not  performance  decrement,  is 
viewed  by  Hale  and  his  associates  as  an  operationally  more  meaningful  measure  of  sleep- 
deficit  effect.  Naitoh,11  in  a  review  of  sleep-deprivation  effects,  also  stressed  the 
importance  of  other  than  performance  measures  in  the  study  of  sleep  deprivation. 
Expressed  in  terms  of  an  analogy  offered  by  Teichner,12  task  performance  would  be  similar 
to  rectal  temperature  with  respect  to  its  relative  constancy,  in  that  rectal  temperature 
does  not  show  a  large  change  even  under  exposure  to  an  ambient  temperature  of  100*F. 

This  is  not  because  body  temperature  is  insensitive  to  high  ambient  temperature,  but 
because  of  its  being  placed  under  the  control  of  other  body-temperature-controlling 
activities,  such  as  an  increased  sweat  rate,  a  raised  skin  temperature,  and  an  increased 
peripheral  blood  flow.  As  the  relative  constancy  of  body-core  temperature  is  achieved 
by  compensatory  physiological  activities,  so  is  the  relatively  high  level  of  task 
performance  achieved  by  compensatory  expenditure  of  biochemical,  physiological,  and 
behavioral  resources.  More  attention,  therefore,  must  be  given  to  the  physiological 
cost  of  sleep  deficit.  Levi13  has  recently  suggested  that  repeated  exposures  to  sleep 
loss  and  stress  effects  might  ultimately  result  in  the  disease  of  stress.  While  "costs* 
imply  that  the  physiological  changes  as  a  result  of  sleep  deficits  are  detrimental  and 
may  contribute  to  the  "disease  of  stress,"  there  are  little  data  to  indicate  that  the 
changes  reported  by  Hale  and  his  associates,  or  those  from  the  extensive  studies  of  Levi 
and  his  colleagues,  have  long-term  detrimental  effects. 
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In  the  evaluation  of  perforaance,  the  circadian  influence  must  ba  taken  into 
account.  Other  participants  in  this  lecture  series  Mill  he  discussing  the  biological 
rhythms,  so  I  will  only  briefly  note  the  iaportance  in  controlling  for  tiae  of  c'ay  in 
perforaance  studies.  A  recent  report  froa  our  laboratory  detailed  the  circadian  varia¬ 
tion  in  performance  subjective  sleepiness,  sleep,  and  oral  teapereture  during  an 
altered  sleep-wake  schedule.1*  Thirty-eight  aale  students,  aged  It  to  22,  participated 
in  the  study.  Following  one  baseline  sleep  night,  •  subjects  underwent  a  (0-ainute 
sleep/lCO-ainuta  wake  schedule  for  40  hours.  Ten  subjects  pedaled  a  stationary  bicycle 
(Cx  group)  and  20  subjects  rested  in  bed  (Bdr  group)  during  the  saae  1-hour  interval 
that  the  nap  subjects  were  allowed  to  sleep.  Neither  of  these  latter  two  groupe  was 
allowed  to  deep  during  the  40-hour  period.  There  were  ten  1-hour  treatment  sessions 
during  the  40  hours:  at  0017,  1149,  1520,  1051,  2241,  0209,  054S,  0942.  1340,  and  1050 
(tiaes  based  on  aean  of  all  subject'd .  The  Stanford  Sleepiness  Scale  issaediatmly 
preceded  and  followed  each  session,  followed  by  the  Wilkinson  Auditory  vigilance  Test 
(40  ainutes)  and  the  Wilkinson  Addition  Test1*  (40  minutes).  Oral  teapereture  readings 
were  taken  approximately  aidway  between  sessions. 

All  sleep  recordings  were  scored  according  to  the  kechtschaffen  and  Kales  Manual.1® 

A  more  detailed  description  of  the  experimental  design  and  the  recording  technique*  has 
been  presented  elsewhere.17'1*  We  were  not  surprised  to  find  that  the  total  sleep  tiae 
(TST)  was  greater  when  the  nap  fell  when  body  teapereture  was  low,  that  the  subject 
reported  feeling  sleepier  at  this  time,  and  that  there  were  more  errors  of  omission  on 
an  auditory  vigilance  task  (Figure  1) .  We  also  found,  as  illustrated  in  Figure  1,  that 
the  longer  naps  (TST)  were  followed  by  poorer  perforaance.  The  lS-ainute  nap  at  ItSl 
was  followed  by  few  vigilance  errors  and  lower  ratings  of  sleepiness.  This  pattern  of 
poor  perforaance  and  sleepiness  was  also  found  for  the  group  of  subjects  who  pedaled  a 
bicycle  for  the  hour  our  nap  subjects  slept,  and  for  the  third  group  who  lay  in  bed  and 
'rested*  but  were  not  allowed  sleep  for  the  saaw  hour.  For  the  sake  of  simplicity,  the 
tiaes  of  day  given  in  rigure  1  represent  the  starting  time  of  each  treatment  session. 
Since  oral  temperature  (OT) ,  auditory  vigilance  task  (>-t55T,  and  Stanford  Sleepiness 
Seale  (SSS2)  were  taken  following  each  treatment  session,  the  actual  tiaes  of  day  these 
aeasures  were  taken  lie  about  alaway  between  the  tiae  given.  Thus  these  aeasures  in  all 
three  groups,  despite  the  differences  in  the  sleep-wake  schedule  and  amount  of  sleep 
loss,  maintained  the  saaw  relationship. 

To  determine  if  the  consistent  relation  among  the  three  variables  was  due  solely  to 
the  diurnal  rhythm  common  to  than  or  to  effects  independent  of  the  circadian  cycle,  the 
correlation  between  any  two  variables  was  calculated  with  the  circadian  effect  removed. 

It  was  possible  to  do  this  by  combining  the  three  groups  and  obtaining  the  be  tween- 
subjects  correlation  within  each  epoch;  thus,  the  effect  of  tiae  of  day  was  held 
constant.  This  ap;  roach  is  exemplified  in  a  study  by  Rutenfranz,  Aschoff,  and  Mann.1’ 

For  example,  the  OT  reading  at  epoch  1  (0817)  was  correlated  with  the  SSS2  rating  for 
epoch  1  across  the  38  subjects,  scores  for  epoch  2  were  correlated,  and  so  on  through 
epoch  10.  Thus,  a  total  of  30  correlations  were  calculated;  10  each  for  OT  and  ABO,  OT 
and  SSS2,  and  SSS2  and  ABO.  Because  there  were  30  correlations  performed,  the  multi¬ 
stage  Bonferroni  procedure2*  was  used.  This  is  a  conservative  test  which  takes  into 
account  the  number  of  statistical  tests  performed.  The  critical  value  of  r  at  the  0.05 
level  was  0.49S  with  the  Bonferroni  procedure,  and  0.313  without  the  correction.  The 
results  of  the  br tween-subjects  analysis  holding  tiae  of  day  constant,  thus  removing  the 
circadian  effect,  are  presented  in  Table  1.  Only  2  of  the  30  correlations  were  signifi¬ 
cant  without  the  correction  for  multiple  tests;  none  of  the  correlations  were  significant 
with  the  correction. 

Cur  results  indicate  that  there  is  no  direct  causal  effect  among  temperature, 
perforaance,  and  sleepiness  independent  of  the  circadian  rhythm.  The  results  of  the 
analysis  holding  time  of  day  constant  showed  that  knowledge  of  the  level  of  one  variable 
at  a  particular  tiae  o Z  day  provides  little  or  no  information  as  to  the  absolute  value 
of  any  other  variable  at  that  time.  Thus,  one  could  not  predict  a  sleepiness  rating  or 
number  of  errors  from  knowledge  of  the  OT  at  a  particular  time  of  day.  Changes  in  OT 
across  time,  however,  would  indicate  whether  performance  and  sleepiness  are  increasing 
or  decreasing,  as  known  by  the  significant  correlations  among  the  variables  across 
different  tisws  of  day.  Thus,  the  synchronous  variation  in  these  variables  was  due 


TABLE  1.  Correlations  of  oral  teaperaturc ,  sleepiness,  and  performance  holding  tiae  of  day  constant. 


Measure 

E2 

(11-49) 

E3 

(1528) 

E4 

(1851) 

E5 

(2243) 

E6 

(0209) 

E7 

(0546) 

E8 

(0942) 

E9 

(1348) 

E10 

(1656) 

OT,  AEO 

0.04 

-0.12 

-0.01 

-0.19 

-0.26 

-0.04 

-0.22 

-0.01 

-0.20 

•  0.28 

OT,  SSS2 

-0.18 

0.12 

-0.13 

-0.01 

-0.35* 

0.06 

0.17 

-0.11 

0.18 

0.10 

SSS2,  AEO 

0.27 

0.26 

0.21 

0.28 

0.34* 

0.12 

0.28 

0.21 

0.29 

0.24 

•Significant  at  the  0.05  level  without  correction  for  multiple  tests  (none  of  the  correlations  were 
significant  with  the  correction)  (from  Moses  et  aZ.1*). 
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Fig.  1.  Distribution  of  oral  temperature,  performance,  self-rated  sleepiness, 
and  sleep  time  in  naps  during  40  hours  (from  Moses  et  aZ.14). 


primarily  to  their  common  link  with  time  of  day.  These  results  support  the  findings  of 
Rutenfranz  et  aZ.,l9who  found  significant  correlations  in  temperature  and  reaction  time 
across  times  of  day,  but  no  correlation  between  the  two  variables  between  subjects  when 
time  of  day  was  held  constant. 

Rutenfranz  et  aZ.1*  took  their  analyses  a  step  further  by  also  performing  within- 
subject  correlations  holding  time  of  day  constant  (the  afore-discussed  study  lacked 
sufficient  data  for  this  type  of  analysis).  Rutenfranz  et  al.  found  no  significant 
correlations  between  temperature  and  reaction  time  when  time  of  day  was  held  constant, 
providing  further  evidence  that  temperature  and  performance  were  not  causally  related. 

The  results  support  the  studies  cited  previously  in  demonstrating  that  relatively 
short-term  alterations  in  the  sleep-wake  cycle  and/or  sleep  loss  do  not  disrupt  rhythmi- 
city  in  oral  temperature,  performance,  or  sleepiness.  Further,  the  interrelationship  of 
these  measures  in  the  present  study  was  similar  in  the  three  groups.,  despite  the  wide 
differences  in  the  subjects'  activities  during  the  40-hour  period. 

From  the  analysis  of  the  Map  group  alone,  it  would  appear  that  sleep  itself 
increased  sleepiness  and  was  detrimental  to  performance,  since  naps  on  which  the  most 
sleep  occurred  were  followed  by  the  highest  sleepiness  ratings  and  the  poorest  perform¬ 
ance.  The  Ex  and  Bdr  groups,  however,  also  reported  highest  sleepiness  and  had  the 
worst  performance  at  the  same  time  of  day  as  the  Nap  subjects,  indicating  that  the 
circadian  variation  in  these  measures  was  primarily  responsible  for  what  appeared  to  be 
a  detrimental  effect  of  sleep.  These  results  are  in  contrast  to  a  study  by  Carskadon 
and  Dement,21  who  reported  that  slow  wave  sleep  (SWS)  in  naps  was  associated  with 
increased  sleepiness  ratings  and  rapid  eye  movement  (REM)  sleep  with  decreased 
sleepiness. 


M 


The  strikingly  similar  GT  curves  in  the  three  groups  further  demonstrate  the  perva¬ 
siveness  of  the  24-hour  rhythm,  despite  the  differences  in  experimental  treatment.  Thus, 
sleep  and  specific  sleep  stages  had  little,  if  any,  effect  on  perforsar-^  and  sleepiness; 
the  primary  source  of  variance  in  the  relation  of  TST  and  sleep  stages,  oral  temperature, 
performance,  and  sleepiness  was  the  circadian  rhythm. 

Rutenfranz  at  aZ.19  and  Moses  at  al.lk  controlled  for  circadian  influence  by  holding 
time  of  day  constant  in  their  statistical  analysis.  In  an  effort  to  control  for  the 
circadian  influence,  Klein  and  his  associates7*  have  used  the  "normal  night  minimum  of 
activation  point*  as  a  reference  level.  Performance,  psychological,  and  behavior  data 
from  various  times  of  day  and  during  various  phases  of  the  study  are  referenced  to  this 
"standard*  baseline  reference  point. 

Sleep-stage  Deprivation 

In  my  lecture  yesterday,  I  indicated  I  was  not  going  to  discuss  stages  of  sleep 
because  there  had  been  no  convincing  body  of  data  that  indicated  that  the  amount  of  any 
stage  of  sleep,  be  it  REM,  stage  2,  3  or  4,  had  any  effect  on  waking  behavior.  To 
support  this  statement,  I  briefly  mention  our  work  on  sleep-stage  deprivation. 

In  Experiment  1,  performance  measures  on  addition,  memory,  and  vigilance  tasks, 
measures  of  affect  and  mood,  and  indices  of  autonomic  and  central  nervous  system  activity 
were  obtained  from  16  Navy  enlisted  men,  ages  17  to  21.  After  4  baseline  days,  12 
subjects  were  totally  sleep-deprived  for  2  nights.  Total  sleep  deprivation  was  followed 
by  either  Cl)  uninterrupted  recovery  sleep  for  5  nights  (the  control  group,  N»4);  (2)  2 
nights  of  REM  deprivation  and  then  3  nights  of  uninterrupted  recovery  sleep  (this  REM- 
deprived  group  was  allowed  all  NREM  sleep,  N»4);  or  (3)  2  nights  of  SWS  deprivation  and 
then  3  nights  of  uninterrupted  sleep  (this  slow-wave  deprived  group  was  allowed  all 
stages  of  sleep  but  stage  4,  N»4).  The  remaining  4  subjects  were  allowed  approximately 
8  hours  of  uninterrupted  sleep  every  night  during  the  2 -week  period. 

Stage  4  deprived  subjects  were  aroused  when  the  EEC  indicated  SWS.  At  the  first 
appearance  of  a  stage  1  EEG  pattern  with  rapid  eye  movements,  subjects  to  be  deprived  of 
stage  REM  were  aroused.  The  restaining  4  subjects  were  allowed  approximately  8  hours  of 
uninterrupted  sleep  every  night  during  the  2-week  period.  Both  uninterrupted  and 
interrupted  recovery  sleep  were  limited  to  the  period  between  2200  and  0600.  A  rebound 
effect  for  both  REM  and  SWS  was  present  for  the  appropriate  groups  on  the  first  night  of 
uninterrupted  sleep,  indicating  that  the  selective  sleep-stage  deprivation  was  effective. 

Performance  on  a  Continuous  Counting  task,  the  Wilkinson  Addition  Test,  Auditory 
Vigilance,  X  Cross-out  Test,  Williams  Immediate  Word-recall  Test,  and  a  serial  addition 
test  (plus  7)  deteriorated  significantly  during  total  sleep  loss.  Fewer  signals  were 
detected  on  the  vigilance  task,  fewer  additions  were  attempted,  fewer  words  were  scanned 
on  the  cross-out  test,  and  fewer  vrords  were  recalled  on  the  memory  test.  Accuracy  in 
all  tasks  tended  to  decrease  as  sleep  loss  increased. 

All  subjects  improved  after  the  first  night  of  recovery  sleep,  but  there  was  no 
significant  difference  in  the  amount  of  recovery  for  the  three  kinds  of  recovery  sleep. 
The  illustration  of  performance  on  the  Continuous  Counting  task  presented  in  Figure  2  is 
representative  of  the  results  for  all  the  tasks.  Similar  results  were  obtained  on  mood 
scales.  After  2  nights  without  sleep,  our  subjects,  not  unexpectedly,  were  more 
fatigued,  depressed,  and  hostile,  and  less  energetic,  happy,  and  friendly.  As  with  the 
performance  tasks,  the  return  to  the  predeprivation  psychological  states  was  the  same 
for  all  subjects  regardless  of  the  type  of  recover/  sleep.73  Our  measures  of  autonomic 
and  central  nervous  system  activity  also  showed  no  significant  differences  between  the 
REM  and  stage  4  deprived  groups. 

The  results  from  our  first  stage-deprivation  study  offered  no  support  for  the 
belief  that  stage  REM  or  stage  4  had  unique  recuperative  value.  Following  sleep  loss, 
the  amount  rather  than  the  type  of  sleep  appears  to  be  the  most  important  factor. 

Still  not  ready  to  abandon  the  idea  that  deprivation  of  stage  REM  or  stage  4  would 
have  deleterious  effects,  in  our  next  study  we  hypothesized  that  perhaps  deprivation  of 
either  of  these  two  stages  of  sleep  would  lessen  a  person's  ability  to  tolerate  the 
stress  of  total  sleep  loss  and  perhaps  other  stressors.  Although  we  were  now  cautious 
enough  not  to  predict  overtly  which  stage  deprivation  would  be  more  debilitating,  we 
still  covertly  expected  the  subjects  deprived  of  stage  4  to  show  the  most  decrement 
following  total  sleep  loss. 

Fourteen  Navy  enlisted  men,  ages  18  to  21,  participated  in  this  study.  After  3 
nights  of  baseline  sleep,  7  subjects  were  deprived  of  REM  sleep  and  7  were  deprived  of 
stage  4  sleep  for  3  nights.  Both  groups  were  then  deprived  of  total  sleep  for  1  night 
and  then  allowed  2  nights  of  recovery  sleep.  Sleep-stage  deprivation  was  produced  by 
arousing  the  subjects,  as  in  the  first  experiment. 

The  physiological  and  performance  measures  obtained  in  Experiment  1  were  recorded 
again,  but  other  tests  were  added  to  obtain  measures  of  both  long-term  and  short-term 
memory,  measures  of  read.ng  speed  and  comprehension,  and  additional  ratings  of  affect 
for  feelings  of  happiness,  anger,  fear,  depression,  and  arousal.  A  Rorschach  measure  of 
conceptual  consistency,  conformity,  and  looseness  was  also  included. 7<> 
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Fig.  2.  Performance  on  a  Continuous  Counting  task  during  oaseline  (B) , 
following  total  sleep  loss  (D) ,  and  following  partial  (PR)  and 
total  recovery  (R)  sleep.  The  S  group  was  deprived  of  stage  4, 
R  group  was  deprived  of  REM,  and  C  group  was  allowed  all  sleep 
during  PRj  and  PRj  nights. 


Three  n  ghts  of  REM  and  stage  4  deprivation  produced  minimal  changes  in  our 
subjects,  and  what  changes  were  present  were  similar  for  both  groups.  Following  the 
night  of  total  sleep  loss,  the  expected  decrement  in  the  tests  was  evident  and,  again, 
the  decrement  was  the  same  for  both  groups.  Prior  deprivation  of  stage  REM  or  of  stage 
4  did  not  potentiate  the  effect  of  total  sleep  loss.  While  we  know  people  cannot 
function  effectively  without  sleep,  they  perform  quite  well  without  ever  entering  into, 
or  receiving  only  limited  amounts  of,  all  stages  of  sleep. 

With  this  general  introduction,  I  would  like  to  now  discuss  what  we  know  about  the 
effects  of  the  various  types  of  sleep  disturbances  I  discussed  yesterday. 

Externally  Caused  Sleep  Disturbances 

Although  there  is  always  an  internal  factor  that  interacts  with  external  causes,  1 
assume  you  will  all  agree  that  disturbed  sleep  due  to  noise,  temperature,  or  variations 
in  work-rest  schedules  should  not  result  in  the  diagnosis  of  a  sleep  disorder  and  fall 
into  the  medical  area.  The  complaint  of  inadequate  sleep  may  be  similar  to  that  heard 
in  medical  offices  but,  as  I  noted  yesterday,  perhaps  the  supervisor  or  shop  steward 
would  be  the  first  person  whom  the  disturbed  sl«*«per  should  see. 


8-6 


Noise.  If  noise  has  «n  effect  on  sleep,  it  is  to  cause  awakenings  or  shifts  to 
lighter  stages  of  sleep,  therj  is  a  general  belief,  and  I  imagine  supported  by  the  per¬ 
sonal  experiences  of  most  of  you,  that  frequent  sleep  arousals  due  to  noise  would  result 
in  measurable  behavioral  effects  during  the  following  day.  This  commonly  held  belief, 
however,  has  been  hard  to  document.  Kramer,  Roth,  Trindar,  and  Cohen25  exposed  6  males, 
ages  20  to  70,  to  9  consecutive  nights  of  either  continuous,  impulse,  or  a  combination 
of  the  twc  noise  types,  with  inconclusive  results  as  to  ar.  effect  on  any  of  six  perform¬ 
ance  tasks.  Herbert  and  Wilkinson,26  to  investigate  the  effects  of  sleeping  in  a  noisy 
environment,  studied  10  subjects  who  slept  for  5  nights  each.  On  one  of  the  5  nights, 
pairs  of  randomized  clicks  at  one  of  four  intensities,  65,  75,  80  and  90  dBA,  were 
presented  through  a  speaker  at  the  foot  of  the  bed.  On  performance  tests,  which  lasted 
all  day,  Herbert  and  Wilkinson  found  that  the  effects  on  performance  on  days  following 
noise-disturbed  sleep  were  relatively  small  and  confined  to  the  early  part  of  the  day. 
This  early-morning  effect,  they  felt,  was  due  to  lower  motivation  and  perhaps  a  ti»e-of- 
day  effect.  During  sleep,  the  noise  produced  an  increase  in  stage  1  and  in  time  awake. 

In  the  longest  exposure  period  studied,  Johnson,  Townsend,  Naitoh,  and  Muzet27 
studied  20  Navy  enlisted  subjects,  mean  age  20.7,  during  a  30-day,  24-hour  exposure  to  a 
660  awec  click,  3.5  Khz,  at  80,  85,  and  90  dB  SPL,  for  10  days  each.  The  clicks  were 
separated  by  22  seconds.  The  noise-exposure  period  was  preceded  by  15  baseline  days  and 
followed  by  10  recovery  days.  During  the  30-day  exposure  period,  no  performance  decre¬ 
ment  was  found  on  a  series  of  mental  and  motor  performance  tests.26  The  subjects  reported 
subjective  sleep-onset  problems  at  85,  90  dB  SPL;  however,  the  objective  EEG  measures 
showed  no  significant  changes  in  sleep  quality,  i.e.,  sleep  latency,  amount  of  stage  1, 
number  of  awakenings,  number  of  stage  changes,  or  in  the  sleep  cycle  (REW-NREH) 
stability.  There  are  thus  no  convincing  data  to  indicate  that  the  brief  disturbances  of 
sleep  caused  by  most  noises  result  in  large  performance  decrements. 

Temperature.  Although  there  are  no  studies  on  the  effects  on  performance  of  dis¬ 
turbed  sleep  due  to  teaq>erature  extremes,  based  upon  the  above  studies  of  noise,  I  would 
doubt  that  performance  on  most  tasks  would  be  affected. 

Changes  in  work- rest  schedules.  Although  changes  in  usual  sleep  times  bring  about 
complaints  of  disturbed  sleep,  as  noted  earlier,  the  effects  of  the  disturbed  sleep  per 
t*  on  performance  cannot  be  separated  from  the  circadian  effects.  As  with  sleep,  other 
bodily  rhythms  will  be  altered  and  performance  may  be  required  at  varying  times  over  the 
24-hour  period.  Colquhoun23*30  has  summarized  the  diurnal  variations  in  human  perform¬ 
ance,  and,  as  already  rioted,  other  speakers  will  focus  on  biological  rhythms. 

Sleep  disturbances  imposed  by  work  or  duty  schedules  can  result  in  total  sleep  loss 
or  in  reduced  sleep.  The  latter  can  be  due  to  shortened  single  sleep  periods  or  due  to 
brief  sleep  periods  scattered  over  the  24-hour  period.  The  latter  is  often  referred  to 
as  fragmented  sleep.  Johnson  and  Naitoh,31  in  an  extensive  review  of  the  operational 
consequences  of  sleep  deprivation  and  sleep  deficit,  detailed  the  effects  of  total  sleep 
loss  and  partial  sleep  loss  on  performance,  as  well  as  mood,  biochemical,  physiological, 
and  neurological  changes.  In  our  summary,  we  concluded  that,  within  the  36  to  48  hour 
range  of  total  sleep  loss  most  likely  to  be  experienced  by  aircraft  personnel,  no  con¬ 
sistent  or  uniform  performance  decrement  had  been  found  in  operational  studies.  Results 
from  laboratory  studies  indicated  that  performance  decrement  depended  upon  several 
factors. 

(1)  Duration  of  task:  The  longer  the  task,  the  more  sensitive  it  is  to  sleep  loss. 

(2)  Knowledge  of  results;  Immediate  feedback  to  the  subject  as  to  quality  of 
performance  minimizes  the  effects  of  total  sleep  loss. 

(3)  Difficulty  of  task;  Performance  on  difficult  and  complex  tasks  are  more  sensi¬ 
tive  to  sleep  loss. 

(4)  Task  pacing;  Self-paced  tasks  resist  sleep-loss  effects  much  better  than  work- 
paced  tasks.  Tests  with  speed  as  a  factor  are  more  affected  by  sleep  loss  than  tasks 
which  stress  accuracy. 

(5)  Proficiency  in  task  performance;  Newly  acquired  skills  arc  more  affected  by 
loss  of  total  sleep  than  those  skills  which  have  become  automatic. 

(6)  Memory  requirement:  Tasks  which  require  a  short-term  memory  chain  will  be 
affected  by  sleep  loss. 

la  summary,  the  long,  work-paced,  complex  tasks  with  high  attention  and  vigilance 
requirements  and  which  do  not  provide  information  on  how  well  the  subject  is  performing 
can  be  expected  to  show  high  sensitivity  to  total  sleep  loss. 

Non- task  factors  that  influence  the  effects  of  sleep  loss  are: 

(1)  High  interest;  High  interest  and  involvement  in  task  mitigates  sleep  loss. 

(2)  Time  of  day:  Sleep  loss  tends  to  enhance  circadian  effects. 

(3)  Physical  exercise;  Physical  exercise  just  prior  to  task  performance  helped 
reduce  decrement. 
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(4)  Drug*:  Amphetamines  can  reduce  sleep-loss  effects,  but  their  chronic  use  can 
cause  sleep  problems  and  other  possible  difficulties. 

The  most  common  explanation  of  the  performance  decrement  following  total  sleep  loss 
is  the  lapse  or  microsleep  hypothesis  put  forth  by  Williams,  I.ubin,  and  Goodnow.37 
Kjellberg,33-35  after  reviewing  the  inconsistent  findings  from  sleep-loss  studies, 
concluded:  ’The  variable  results  reported  during  the  eighty  years  of  SD  [sleep  depriva¬ 
tion]  research  has  definitely  shown  that  SD  does  not  lead  to  a  state  of  the  organism 
which  can  be  described  by  enumerating  a  t  jaber  of  physiological,  behavioral,  and  phenom¬ 
enological  effects.  The  futility  of  a  search  for  the  effects  of  SD  in  itself  on  any  of 
these  levels  has  been  repeatedly  demonst rated.  It  is  evident  that,  in  this  respect, 
depriving  an  organism  of  sleep  cannot  be  treated  as  analogous  to  depriving  it  o:  a  vital 
substance  like  e.g.,  water. 

"However,  SD  does  seem  to  influence  the  individual's  response  to  certain  situational 
features  in  a  predictable  way.  In  particular,  the  situational  factors  which  tend  to  lead 
to  a  lowered  arousal  level  seem  to  get  an  accentuated  effect  after  SD.  One  consequence 
of  this  accelerated  dearousal  after  SD  is  that  5s  fall  asleep  faster  which  may  take  the 
form  of  longer  periods  of  sleep  or  of  lapses  depending  upon  the  situational  demands. 

The  lowered  arousal,  however,  also  manifests  itself  in  5s*  subjective  state  and  as  a 
deterioration  of  the  capacity  for  sustained  selective  attention*  (p.151). 

I  have  no  quarrel  with  Kjellberg's  conclusions. 

Partial  Sleep  Loss  or  Reduced  Sleep 

Relative  to  total  sleep  loss,  there  are  fewer  studies  on  partial  sleep  loss,  but 
partial  sleep  loss  is  the  oust  likely  sleep  disturbance  to  be  experienced.  The  occur¬ 
rence  of  fragmented  sleep  and  partial  sleep  loss  in  aircrews  was  clearly  documented  m 
our  NATO  AGARDograph.31 

Partial  sleep  loss  is  both  easy  and  difficult  to  define.  Decreasing  TST  by  going 
to  bed  later  or  getting  up  earlier  results  in  a  sleep  deficit.  Partial  si >ep  loss  may 
occur  if  one  sleeps  2  hours,  gets  up,  and  then  sleeps  for  3  hours,  gets  up,  etc.;  the 
fragmented  sleep  may  not  equal  his/her  usual  TST.  Also,  does  this  fragmented  sleep, 
even  when  equal  to  usual  TST,  have  the  same  recuperative  value  as  uninterrupted  sleep? 

The  data  are  inconclusive.  Simply  stated,  partial  sleep  loss  occurs  when  there  is  a 
reduction  of  the  usual  amounts  of  sleep  obtained  in  24  hours. 

But  is  a  person  who  sleeps  only  4  hours  in  24  necessarily  suffering  from  partial 
sleep  loss?  Is  there  a  fixed  amount  of  sleep  that  must  be  obtained  if  a  sleep  debt  is 
to  be  avoided?  The  answers  appear  to  be  ’no.’  There  are  wide  individual  differences  as 
to  amounts  of  sleep  required.  Two  men  who  slept  only  about  3  hours  in  each  24  hours 
reported  no  sleep-loss  complaints.11  A  more  extreme  example  is  the  report  of  a  PO-year- 
old  lady  who  slept  on  the  average  of  1  hour  each  night  with  no  daytime  naps  and  was 
reported  to  be  alert,  competent,  with  no  need  or  desire  for  more  sleep.’7 

Stuss  and  Broughton11  recently  reported  on  6  additional  short  sleepers  who  slept 
less  than  4  hours  in  24.  Sleep  patterns  and  results  on  performance  tests  were  studied 
in  one  l.S-hour  sleeper.  A  performance  battery  (calculations,  vigilance,  sensory  motor) 
was  administered  after  baseline,  extended,  and  abbreviat'--4  sleep  following  laboratory 
adaptation.  Stuss  and  Broughton  concluded  that  the  impaired  performance  found  on  most 
tests  following  extended  sleep  (50t  extension  of  baseline)  indicated  that  this  less  than 
2-hour  sleeper  was  obtaining  his  optimum  sleep  requirement. 

Sleep  reduction.  While  the  health  and  performance  of  natural  short  sleepers  are  of 
interest  to  sleep  researchers,  our  interest  here  is  on  those  with  shortened  sleep. 

Those  who  abruptly  shorten  their  sleep  for  whatever  reason  generally  return  to  their 
usual  sleep  schedules  when  allowed  to  do  so.  In  acute  sleep-reduction  studies,  the  data 
have  shown  no  marked  changes  in  performance,  whether  this  was  in  subjects  allowed  only  3 
hours  for  8  consecutive  days,11  '.5  hours  for  60  days,’*  or  when  sleep  was  restricted  to 
about  5  hours  per  day  for  3  months.'’  The  latter  study  involved  12  young  German  Naval 
Cadets  on  a  training  cruise. 

In  a  study  of  gradual  sleep  reduction,  Friedmann  .;t  aT.’  found  no  performance  decre¬ 
ment  on  a  battery  of  cognitive  and  motor  tasks  as  sleep  was  reduced  from  7. $-8.0  hours 
to  $.0-4.5  hours  in  6  subjects,  and  from  6.5  to  $.0  hours  in  2  subjects.  In  contrast  to 
the  acute  sleep- reduct ion  studies,  the  TST  of  the  6  8-hour  sleepers  was  still  reduced 
i.C  to  1.5  hours  a  year  later.  The  2  6.5-hour  sleepers  returned  to  6.5  hours  TST  when 
the  sleep- reduct  ion  period  ended. 

Although  there  were  no  consistent  performance  decrements  in  the  laboratory  or  in 
their  graduate  studies  or  work,  these  subiccts  began  to  complain  of  discomfort  between 
6.5  and  6.0  hours  of  sleep.  There  were  ctxaplaints  of  feeling  more  sleepy,  feeling  the 
need  for  more  sleep,  and  having  less  vigor  and  more  fatigue  (see  Figures  1  4  4) . 

In  their  interviews,  all  8  subjects  reported  difficulty  in  getting  up  in  the  morning 
as  sleep  was  reduced  below  6  hours.  This  difficulty  increased  as  restriction  proceeded 
to  the  lowest,  4.5-hour,  level.  Subjects  elected  to  stop  sleep  reduction  because  they 
were  ’just  too  tired*  and  ’just  wanted  to  sleep.’  Specific  reasons  included  overwhelming 
fatigue  and  falling  asleep  while  in  class,  playing  cards,  visiting  friends,  and  diffi¬ 
culty  in  remaining  vigilant  while  driving. 
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HOURS  OF  SLEEP 

Fiq.  3.  Average  ratings  on  Stanford  Sleepiness  Scale  during  gradual  sleep 
reduction. 
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Fig.  4.  Average  ratings  on  vigor  and  fatigue  scales  during  gradual  sleep 
reduction. 
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There  was  some  change  in  personal  efficiency  noted  by  most  subjects,  but  this  change 
did  not  appear  on  any  of  the  objective  tests  or  in  their  school  or  job  performance.  As 
one  subject  ,ut  it  when  at  his  lowest  sleep  le/el:  "I  am  noticeably  less  efficient, 
less  energetic;  e.g.,  I  can't  seem  to  study  as  long  as  I  used  to,  I  get  discouraged  more 
easily,  slightly  depressed  about  overcoming  difficulties,  very  much  like  I  feel  when  I 
am  sick  with  a  cold"  (p.248). 

Fragmented  sleep.  It  is  felt  by  many  sleep  researchers  in  the  area  of  biological 
rhythms  that  the  fragmentation  of  sleep  and  the  desynchrony  of  the  physiological  rhythms 
have  a  greater  impact  on  behavior.  Following  changes  in  both  sleep  times  ano  sleep- 
wakefulness  cycles,  disruption  of  the  c.rcadian  cycle  was  felt  to  be  a  more  important 
determiner  of  performance  and  of  subjective  mood  changes  than  the  shortened  hours  of 
sleep. 1,1  One  of  the  few  studies  of  sleep  during  combat  conditions  documented  the  effect 
of  fragmented  sleep.  Sleep  of  carrier  pilots  was  recorded  while  on  duty  stations  off 
Vietnam.42  While  TST  of  the  27  aviators  was  found  to  be  similar  to  28  nonflying  person¬ 
nel,  the  aviators'  sleep-wakefulness  cycle  was  significantly  different.  The  aviators 
had  a  far  more  variable  intersleep  interval  than  nonaviators.  The  more  variable  a 
pilot's  intersleep  interval,  the  more  likely  he  was  to  make  a  landing  error. 

Laboratory  studies  of  scheduled  nap  sleep,  however,  have  found  little  performance 
decrement.  In  an  extreme  variation  of  the  sleep- wake  schedule,  Carskadon  and  Dement43 
placed  5  subjects  on  a  90-minute  day;  30  minutes  of  sleep,  60  minutes  awake,  for  5  days. 
Subjective  self-reports  of  sleepiness  and  mood  revealed  initial  discomfort  on  the 
90-minute  schedule.  However,  the  sleepiness  and  mood  of  the  subjects  tended  to  show 
improvement  during  the  experimental  period,  approaching  baseline  levels  by  the  4th  or 
5th  experimenta1  day.  Daily  24-hour  fluctuations  were  present  on  both  measures. 

In  our  laboratory,  we  compared  the  effects  of  naps,  exercise,  and  bedrest  to 
sustained  performance  over  a  40-hour  period.38  In  this  study,  noted  in  my  introductory 
discussion  of  the  influence  of  circadian  rhythms,  young  male  naval  volunteers  were 
denied  normal  nocturnal  sleep  and  maintained  on  a  60-minute  treatment/160-minute  testing 
schedule  during  40  consecutive  hours.  Ten  subjects  bicycled,  20  subjects  were  allowed 
to  rest  in  bed  but  not  sleep,  and  10  subjects  napped.  Eight  measures  of  addition, 
•uditory  vigilant.,  mood,  and  oral  temperature  were  obtained.  The  Bedrest  group  showed 
significant  impairment  on  all  eight  measures  and,  thus,  gave  no  support  to  the  forced- 
rest  theory  of  sleep  function.  The  Exercise  group  was  worse  than  the  Nap  and  Bedrest 
groups  for  all  measures.  In  spite  of  fragmented,  reduced  sleep  (about  3.7  hours  per  24 
hours),  the  Nap  group  showed  no  impairment  on  six  of  the  measures.  The  results  suggest 
that  exercise  increases  the  impairment  due  to  sleep  loss,  and  naps  reduce  or  remove  this 
impairment.  Bedrest  is  not  a  substitute  for  sleep. 

In  summary,  while  performance  decrements  do  not  appear  to  be  a  major  problem,  sleep 
disruption  and  sleep  deficits  appear  to  raise  the  "cost"  of  maintaining  pre-deficit 
levels  of  performance.  This  cost  is  s retimes  reflected  in  increased  physiological 
stress-related  responses,  but,  most  often,  it  is  ‘eflected  in  the  increased  effort  to 
overcome  feelings  of  fatigue.  Subjective  feelings  of  fatigue  are  the  major  findings 
whether  sleep  reduction  occurs  in  the  laboratory  or  in  an  operational  setting. 

Sleep  Disorders  and  Performance 

As  one  turns  from  the  sleep  laboratory  and  from  the  field  of  ergonomics  to  patients 
seen  in  the  sleep  clinic,  one  finds  few  controlled  studies  on  the  effects  of  disturbed 
sleep  on  performance.  Yet,  the  anxiety  over  "not  getting  a  good  night's  sleep"  is 
clearly  reflected  „n  the  high  consumption  of  both  prescribed  and  over-the-counter  sleep 
medication.44'45  As  undoubtedly  will  be  highlighted  in  the  presentation  by  Commander 
'■icholson,  we  know  more  about  the  effecta  of  the  drugs  used  to  treat  the  pool  sleep  than 
of  the  poor  sleep  per  se.  The  devastating  effects  of  excessive  daytime  sleepiness  due 
to  narcolepsy  or  sleep  apnea  have  been  repeatedly  documented  in  patients  with  this 
complaint. 

Short  and  long  sleepers.  In  a  study  of  natural  long  and  short  sleeper-,  Webb  and 
F.riel  found  no  significant  relation  between  length  of  sleep  and  academic  perfori.'3nce.4f’ 
Likewise,  Johns,  Dudley,  and  Masterton,47  in  a  study  of  104  fourth-year  medical  students, 
found  no  significant  relation  between  TST  and  grades.  Johns  ct  j.1 . ,  however,  did  find 
that  poorer  academic  performance  was  significantly  related  to  later  times  of  waking  up 
in  the  morning,  particularly  on  weekends,  and  to  subjectively  poorer  quality  of  sleep. 
Difficulty  in  getting  to  sleep  and  awakening  during  sleep,  signs  of  poor  sleep  present 
in  about  10%  of  their  students,  were  not  related  to  academic  performance. 

Good  and  poor  sleepers.  Because  of  the  oft  repeated  concerns  of  insomniacs  over 
tha  effects  of  their  poor  sleep  on  performance,  the  goal  of  one  of  our  iccent  studies 
was  to  examine  whether  the  relatively  short  and  "unrefreshing"  sleep  of  poor  sleepers 
impairs  their  functioning.  In  a  questionnaire  survey  of  1,033  Naval  Hospital  corpsmen 
ai.d  303  college  students,  sleep  habits  were  related  to  academic  performance  in  both 
samples  and  to  sick  calls  in  the  naval  sample.  The  questionnaire  contained  36  items 
related  to  sleep  habits,  including  one  that  asked,  "Overall,  what  kind  of  sleeper  are 
you?  Very  good,  qood,  average,  poor,  or  very  poor."  Five  percent  of  the  college  stu¬ 
dents  said  they  were  "poor  sleepers";  none  reported  "very  poor"  sleep.  Eight  percent  of 
the  naval  subjects  described  their  sleep  as  "poor"  and  1.2%  said  their  sleep  was  "very 
poor."  Since  most  of  you  do  not  work  in  medical  settings,  it  is  these  types  of  poor 
sleepers  rather  than  the  chronic  ana  complaining  insomniac  that  you  will  most  likely 
encounter.  With  that  in  mind,  it  might  be  of  Jnterest  to  contrast  these  non-complaining 
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and  untreated  poor  sleepers  with  those  who  state  they  were  good  sleepers.  I  will  later 
report  on  a  sample  of  12  poor  sleepers  and  12  good  sleepers  studied  in  our  Naval  Hospital 
laboratory.  These  poor  sleepers  most  often  complained  of  inability  to  fall  asleep,  and 
the  most  frequent  cause  was  "thoughts  keep  racing  through  my  mind."  They  had  been  poor 
sleepers  for  6  months  to  several  years,  most  had  not  sought  medical  help,  and  none  were 
taking  any  sleep  medication  when  studied.  If  there  were  such  a  classification,  these 
poor  sleepers  could  be  classified  as  "healthy"  insomniacs. 

Due  to  the  nature  of  our  study,  the  sailors  were  examined  in  four  segments  over  a  2- 
year  period,  and  the  college  students  were  in  ray  class  on  "Sleeping  and  Dreaming"  over  a 
2-year  period.  For  statistical  analysis,  we  treated  our  navy  sample  as  four  groups  and 
our  college  sample  as  two  groups.  This  subgrouping  allowed  us  to  test  the  reliability 
of  our  analysis  over  the  six  samples.  Only  some  of  our  results  will  be  presented  here. 

First,  in  this  sample  of  nontreated  poor  sleepers,  what  were  the  correlates  of  good 
versus  poor  sleep?  In  Table  2  are  the  items  from  the  sleep  questionnaire  that  were  sig¬ 
nificantly  related  to  subjective  quality  of  sleep  over  all  four  navy  samples  and  for  at 
least  one  of  the  two  college  samples.  The  navy  sample  generally  showed  more  consistent 
results  over  the  four  subgroups  than  did  the  college  subjects.  The  mean  ages  of  the  two 
groups  were  not  significantly  different,  but  there  were  more  females  in  the  college 
sample.  Although  the  women  did  significantly  report  that  they  went  to  bed  earlier  and 
got  up  earlier  than  men  and  reported  more  nightmares,  they  did  not  differ  significantly 
from  men  in  TST,  sleep  latency,  or  quality  of  sleep  ratings. 

The  sleep  profile  of  the  poor  sleepers  followed  expected  patterns;  longer  reported 
sleep  latencies  on  most  nights,  feeling  less  rested  in  the  morning,  having  a  nor?  irreg¬ 
ular  sleep  schedule,  and  being  more  easily  aroused  by  noise.  The  navy  sample  of  poor 
sleepers  more  frequently  reported  nightsures.  Poor  sleepers  also  had  higher  scores  on 
all  the  Profile  of  Hood  States  (POMS)  scales;  t.e.,  for  feelings  of  tension,  confusion, 
depression,  anxiety,  fatigue,  and  less  vigor,  but  only  those  for  tension,  confusion, 
fatigue,  and  vigor  were  significant. 

Was  quality  of  sleep  or  any  of  the  items  that  contributed  to  the  poor  sleep  profile 
related  to  academic  performance?  The  answer  is  "no."  None  of  the  sleep  items  or  POMS 
scores  correlated  significantly  with  final  class  average  for  the  sailors  or  for  final 
examination  score  for  the  college  students.  The  poor  sleepers  in  the  Navy  had  no  more 
sick-call  visits  than  did  the  good  sleepers. 

Laboratory-studied  good  versus  poor  sleepers.  The  above  results  were  from  question- 
r.aire  data  and  it  can  be  argued,  from  previous  studies,  that  subjective  reports  of  sleep 
quality  will  differ  from  objective  sleep  laboratory  data.  As  part  of  a  study  on  the  EEC, 
sleep,  mood,  and  performance  effects  of  flurazepam,  30  mg,  12  good  sleepers  and  12  poor 
sleepers  were  intensively  studied.  To  be  accepted  into  the  study,  the  poor  sleepers  had 
to  have  a  laboratory  sleep  latency  of  greater  than  30  minutes  on  2  consecutive  nights, 
and,  for  the  good  sleepers,  sleep  latencies  of  less  than  30  minutes  were  required.  The 
average  EEG  sleep  latency  for  the  poor  sleepers  was  58  »  26.1  minutes  and,  for  the  good 
sleepers,  11.1*  3.6  minutes.  Thirty-six  poor  sleepers  were  screened  to  obtain  12  who 
qualified.  Both  groups  received  placebos  for  the  first  7  nights  after  screening.  Then 
6  of  the  poor  sleepers  continued  to  receive  placebos  for  10  additional  nights  while  6 
poor  sleepers  were  given  30  mg  flurazepam  15  minutes  before  bedtime .  This  period  of  the 
study  was  double-blind.  Three  placebo  follow-up  nights  were  recorded  2  to  3  weeks  post¬ 
drug.  Total  bedtime  was  7.5  hours  for  all  subjects. 

The  subjective  responses  on  the  sleep  questionnaires  for  those  who  qualified  in  the 
laboratory  as  good  or  poor  sleepers  were  similar  to  those  obtained  for  the  total  sample 
(Table  3) .  The  pc or  sleepers  showed  the  same  pattern  as  the  total  sample  on  the  POMS 
(Figure  5) . 

In  the  laboratory,  the  poor  sleepers  had  a  higher  pre-sleep  heart  rate  and  higher 
oral  temperature.  There  were  no  morning  differences  on  these  two  measures.  After  sleep 
onset,  the  two  groups  did  not  differ  on  any  sleep  measure  and  there  were  no  significant 
differences  in  the  dB  levels  of  a  tone  required  to  awaken  the  two  groups  from  stages  2, 

4,  or  REM  sleep.  As  with  the  total  sample,  these  good  and  poor  sleepers  did  not  differ 
as  to  final  class  averages,  number  of  sick  calls,  and  in  performance  on  the  Wilkinson 
4-Choice  Reaction  Time  Test,  the  Digit  Symbol  Substitution  Test  (DSST),  or  on  a  short¬ 
term  memory  test,  the  Digit  Span  Test. 

The  EEG-screened  poor  sleepers  thus  exhibited  the  sleep  patterns  and  complaints  of 
many  insomniacs,  yet  there  were  no  differences  in  their  academic  performance  or  on  labo¬ 
ratory  performance  tests.  Undoubtedly,  some  severe  insomniacs  treated  in  sleep  clinics 
would  exhibit  impaired  waking  behavior;  however,  the  above  data  indicate,  as  with  the 
partial  sleep-deficit  studies,  that  the  insomniac's  concern  over  the  effect  of  reduced 
sleep  may  be  exaggerated.  Again,  as  with  partial  sleep  deficit,  the  major  demonstrable 
changes  were  in  mood  and  subjective  feelings  of  fatigue. 

Effects  of  flurazepam.  Dr.  Nicholson  will  review  the  effects  of  hypnotics  in  his 
lecture,  but,  since  there  are  few  studies  that  measure  drug  effects  before,  during,  and 
after  as  long  a  period  as  10  consecutive  drug  nights,  I  would  like  to  briefly  present 
our  findings.1*® 

The  three  performance  and  mood  tests  were  administered  in  the  morning,  approximately 
30  minvtes  after  awakening,  on  3  placebo  baseline  mornings,  4  drug  mornings,  and  on  1 
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TABLH  2.  Correlation  of  Sleep  Questionnaire  items  with  subjective  quality  of  sleep. 


Question 


Navy  Sample 

Croup  Croup  Croup  Croup 

I  11  III  IV 


College  Sample 

1977  1978  Mean  1 

Group  Croup  Variance 


How  long  Joes  it  usually  take  you  to  fall 
asleep  after  lights-out?  (min) 

Do  you  ever  have  trouble  falling  asleep? 

(1  =  never;  4  =  always) 

If  you  do  have  trouble  falling  asleep,  how 
often  does  this  happen? 

(1  =  once/year;  6  =  S  or  more  times/week) 

If  you  do  have  troubie  falling  asleep,  how 
long  does  it  take  you  to  get  to  sleep? 

(1  =  less  than  15  min;  6  =  more  than  60  min) 

If  you  have  trouble  falling  asleep,  what  is 
it  that  keeps  you  awake? 

(Answer:-  Thoughts  running  through  my  mind) 

How  many  times  during  your  usual  sleep 
period  do  you  wake  up  by  yourself  and  then 
go  back  to  sleep? 

(1  =  never;  6=9  times  or  more) 

On  how  many  days  per  week  Joes  this  happen? 

(1  =  1  or  2  davs/week;  3  =  5  or  more  days/wk) 

When  you  wake  up  during  your  usual  sleep 
period,  how  long  does  it  usually  take  to  go 
back  to  sleep? 

(1  =  10  min  or  less;  5  =  more  than  an  hour) 

Do  you  ever  wake  up  too  early  and  find  you 
cannot  go  back  to  sleep? 

(1  =  never;  4  =  always) 

On  how  many  days  per  week  does  this  happen? 

(1  =  1  or  1  days/wk;  3  =  5  or  more  days/wk) 

Do  you  have  disturbing  dreams  or  nightmares? 
(1  =  never;  4  =  always) 

On  workdays,  do  you  go  to  bed  and  get  up  at 
fixed,  regular  times? 

(1  =  always;  4  =  never) 

Do  you  usually  feel  well -rested  after  you 
wake  up  and  first  get  out  of  bed? 

(1  =  always;  4  =  never) 

How  do  you  usually  feel  for  the  first  two 
or  three  hours  after  you  wake  up  from  your 
normal  sleep  period  on  workdays? 

(1  =  alert,  wide  awake;  7  =  almost  asleep) 

How  do  you  usually  feel  for  the  first  two 
or  three  hours  after  you  wake  up  from  your 
normal  sleep  period  an  days-off? 

(1  =  alert,  wide  awake;  7  =  almost  asleep) 

Which  of  the  following  applies  to  you? 

(1=1  never  have  great  difficulty  getting 
out  of  bed;  4  =  I  always  have  great 
difficulty  getting  out  of  bed) 

Are  you  easily  awakened  by  noises? 

(1  =  never;  4  =  always) 


POMS  T-SCORES 
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TABLE  3.  EEG-acreened  good  and  poor  sleeper  responses  to  subject  selection-criteria 
questions . 


Good  Sleepers  Poor  Sleepers 


Selection-Criteria  Questions 

Mean 

SD 

Mean 

SD 

1. 

How  long  does  it  take  you  to  fall  asleep  (min)? 

8.0 

(3.6) 

91. 3C 

(35.3) 

2. 

Do  you  have  trouble  falling  asleep 
(1  =  never;  4  =  always)? 

1.3 

(0.5) 

3.4C 

(0.8) 

3. 

How  often  do  you  have  trouble  falling  asleep 
(1  =  once/year;  6  =  5  or  more  times/week)? 

1.5 

(1.1) 

5. 5C 

(0.7) 

4. 

How  many  times  per  night  do  you  wake  up? 

1.2 

(0.4) 

1. 8a 

(0.9) 

5. 

How  many  nights  per  week  do  you  wake  up? 

0.2 

(0.6) 

1.6C 

(1.2) 

6. 

How  long  does  it  take  to  fall  back  asleep  after 
nocturnal  arousals  (min)? 

6.0 

(5.0) 

17. 0b 

(11.0) 

7. 

Do  you  wake  up  and  cannot  fall  back  asleep 
(1  =  never;  4  =  always)? 

1.2 

(0.4) 

1.9* 

(1.0) 

8. 

How  many  days  per  week  does  this  happen? 

0.1 

(0.3) 

o 

o 

pH 

(0.9) 

9. 

Are  you  easily  awakened  by  noise 
(1  =  never;  4  =  always)? 

1.7 

(1.0) 

2.6* 

(1.2) 

10. 

How  long  do  you  usually  sleep  (hr)? 

7.0 

(0.8) 

5. 5C 

(0.5) 

11. 

Do  you  feel  well-rested  in  the  morning 
(1  =  always;  4  =  never)? 

2.4 

(0.9) 

3.  Sc 

(0.5) 

12. 

How  do  you  feel  2-3  hr  after  you  wake  up 
(1  =  alert;  7  =  almost  asleep)? 

2.2 

(1.0) 

4.*c 

(1.4) 

13. 

Do  you  have  difficulty  getting  out  of  bed 
(1  =  never;  4  =  always)? 

1.6 

(0.5) 

3.0C 

(1.0) 

ap  <0.025 
bp  <  0.005 
Cp  <  0.001 


Fig.  5.  Comparison  of  good  and  pcor  sleepers  on  the  Profile  of  Hood  States. 

Asterisks  (*)  indicate  significant  difference  (p  <  0.05)  between  two 
groups. 
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follow-up  morning.  When  compared  to  the  placebo  group,  flurazepam  significantly  impaired 
performance  on  the  4-Choice  Reaction  Time  task  and  the  DSST  but  not  on  the  short-term 
memory  task  (Figures  6,  7i8).  Performance  impairment  on  the  DSST  showed  a  drug- 
tolerance  effect  across  the  10-day  drug  period  (Figure  7),  while  performance  impairment 
on  the  reaction  time  task  showed  no  tolerance  effect  (Figure  6).  Flurazepam  had  no 
significant  effect  on  mood  (POMS)  or  feelings  of  sleepiness  in  the  morning  or  at  bedtime 
despite  subjective  ratings  of  a  "more  restful"  and  "better  sleep"  and  EEC  evidence  of 
shortened  sleep  latencies. 

Hypersomnias.  Perhaps  because  it  does  not  take  extensive  laboratory  studies  to 
determine  that  sleepy  or  sleeping  subjects  perform  poorly,  there  are  no  studies  detailing 
the  performance  of  hypersomniacs,  but  the  impact  of  narcolepsy  on  the  life  of  the  patient 
is  often  dramatic  and  extends  into  all  aspects  of  life.  Broughton  and  Ghanem,,•,  in  a 
questionnaire  study  of  43  (24  female,  19  male)  narcoleptics  with  cataplexy  and  43  normal 
controls,  found  that  narcolepsy  is  a  severe,  debilitating,  and  chronic  condition.  "It 
frequently  leads  to  very  disturbing  visual  problems,  memory  difficulties,  an  extremely 
bad  driving  record,  recurrent  household  and  smoking  accidents,  poor  productivity,  block¬ 
ing  of  promotion,  decreased  earning  capacity  and  even  job  dismissal,  personality  changes 
including  a  striking  tendency  to  depression  even  to  suicidal  levels,  hallucinations  and 
paranoia,  difficulties  and  embarrassment  in  both  education  and  recreation,  loss  of  libido 
and  (for  males)  impotence,  miscellaneous  disturbances  of  balance,  bizarre  dyesthesias, 
terrifying  dreams,  headaches,  and  the  danger  of  loss  of  life  through  accident  or  drowning 
(p. 217) . 

The  above  is  a  composite  picture  of  deficits  and  the  effect  of  narcolepsy  is  not  as 
totally  devastating  for  every  patient.  However,  48%  complained  of  defocusing  or  visual 
problems;  memory  problems  affect  about  one-half  of  the  persons  with  narcolepsy-cataplexy; 


Fig.  6.  Mean  response  latencies  (of  correct  responses)  on  the  4-Choice  Reaction 
Time  Test.  The  flurazepam  and  placebo  groups’  performances  differed 
significantly  in  the  mornings  following  nights  14  and  18  of  the  drug- 
administration  period  (shaded  area)  (from  Church  i  Johnson*1*). 
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Fig.  7.  Mean  number  o£  correct  responses  on  the  DSST.  The  flurazepam  and 

placebo  groups*  performances  differed  significantly  in  the  mornings 
following  nights  10  and  12  of  the  drug-administration  period  (shaded 
area)  (from  Church  t  Johnson1*8) . 


TRIAL 

Fig.  8.  Mean  percent  correct  responses  on  the  Digit  Span  memory  test.  The 
flurazepam  and  placebo  groups'  relative  performances  did  not  differ 
significantly  during  the  drug-administration  period  (shaded  area) 
(from  Church  &  Johnson1*8). 


39*  said  that  narcoleptic  attacks  had  led  to  a  car  accident;  and  51.2*  said  their  narco¬ 
leptic  symptoms  had  led  to  an  industrial  accident.  Sixty-two  percent  said  that  narco¬ 
lepsy  had  reduced  their  job  performance. 

Since  many  narcoleptics  report  they  feel  refreshed  after  their  sleep  attack. 
Billiard50  examined  whether  the  type  of  sleep  obtained  during  their  nap  was  related  to 
the  recuperative  value  of  the  nap.  As  many  narcoleptics  have  sleep-onset  REM,  the  study 
of  naps  of  narcoleptics  offered  an  opportunity  to  compare  REM-NREM  sleep.  The  results 
from  an  extensive  2-day  study  of  18  narcoleptics  and  5  normal  controls  led  to  inconclu¬ 
sive  results.  The  length  of  the  nap  appeared  to  be  more  important  than  the  type  of 


sleep  obtained,  when  ratings  of  sleepiness,  mood,  and  performance  on  an  addition  and 
serial  alternation  test  were  evaluated.  The  narcoleptic  generally  performed  poorer  than 
control  subjects  on  the  performance  measures,  due  to  "variations  in  alertness." 

Sleep  apnea.  Anecdotal  accounts  of  impaired  performance  due  to  excessive  daytime 
sleepiness  of  sleep  apneic  patients  also  have  been  reported.  In  a  recent  article.  Block, 
Boy sen,  Wynne,  ind  Hunt51  have  reported  that  sleep  apnea,  hypopnea,  and  oxygen  desatura¬ 
tion  could  occur  in  normal  subjects.  These  symptoms,  as  does  the  sleep  apneic  with 
hypersomnia,  occur  mostly  in  males  and  the  incidence  increases  with  age  and  with  obesity. 
Thus,  periodic  breathing  can  occur  in  normal  subjects  without  clinical  importance.  While 
the  "normal"  sleep  apneic  patients  report  few  episodes  of  less  than  10-seconds  duration, 
the  patients  with  complaints  of  excessive  daytime  sleepiness  may  have  over  100  episodes 
each  night  which  last  from  15  to  45  seconds.  The  frequency  and  duration  of  apneic  epi¬ 
sodes  undoubtedly  account  for  the  impaired  waking  performance  of  the  chronic  sleep  apneic 
patient. 
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RESUME 

Lc  but  dcs  rcchcrches  fut  d  eprouver  les  hypotheses  concernant  une  relation 
possible  entre  (’amplitude  A  du  rythme  eircadien  de  la  temperature  orale  et  tat  la 
vitesse  dc  I'aiustement  lots  d’un  changemcnt  de  poste.  dune  part  et  (b)  la  tolerance  du  travail 
poste.  d'autre  part. 

L’etude  1  intcressait  25  operateurs  de  refineries  de  petrole.  Une  correlation  negative 
(r=  '0.63:  P  <  l*  ^  1 1  a  ete  trouvee  entre  le  A  moyen  et  le  deplacement  de  I’acrophase  A0 
resultant  du  premier  posiede  travail  nocturne:  plus  A  est  grand,  plus  AO  est  petit.  Ce  fait 
est  en  faseur  de  Itiy;  > these  proposee  par  i.AschofT. 

L  etude  II  eomportait  23  travailieurs  dc  I’industrie  metallurgique  et  25  travailleurs  de 
I’industrie  chimiquc  ayant  vis-a-vis  du  travail  poste  une  tolerance  cxcellcnte  ou  mauvaisc. 

Cette  tolerance  fut  evaluee  a  partir  de  trois  critercs  cliniques  classiques:  les  troubles  digestifs, 
la  fatigue  persisiante  et  les  perturbations  du  sommeil.  L 'amplitude  A  du  rythme  eircadien  dc 
la  temperature  orale  est  plus  grande  chez  les  sujets  qui  tolerent  le  travail  poste  que  chcz  les 
sujets  devenus  intolerant*.  Ce  fait  est  en  faveur  de  I'hypothese  proposee  par  P.Andlaucr. 

L  etude  n  111.  comportant  29  operateurs  dune  raffinerie  de  petrole.  a  etc  programmee 
ct  orgamsec  de  maniere  a  pouvoir  eprouver  les  deux  hypotheses,  ctudier  leur  complementarity 
et  prendre  en  consideration  dcs  groupcs  de  sujets  differant  par  leur  age.  Une  excellente  tolerance 
du  travail  poste.  apres  dc  nombreuses  annccs.  semble  etre  associee  a  ui.e  large  amplitude  du 
rythme  eircadien  thermique  et  un  ajustement  lent  durant  les  postes  dc  nuit  (AO  petit). 


INTRODUCTION 

Un  rythme  eircadien  peut  etre  caractcrise  par  son  acrophase  O  (emplacement  du  sommet  dans  I’echclle  des  24 
heures  dc  la  fonction  smusoidale  qui  denne  la  meilleure  approximation  de  toutes  les  mesurcs  cxpcrimcntalcs).  son 
amplitude  A<la  moitic  dc  la  vanabilitc  totale.  e’est-a-dire  la  difference  entre  le  s-.mmet  et  le  creux)  et  son  mesor  M  (la 
moyenne  ajustec  du  rythme Hllalberg.  Reinberg':  llalherg  ct  al.J  >. 

Un  changemcnt  dc  phase  <  A'P)  des  synchrontscurs  socio-ccologiques  est  suisi  par  un  deplacement  de  I'acrophase 
(AOi  qui  sc  produit  dans  !j  meme  direction  que  A'F  Des  exemples  pratiques  de  A'F  chez  I’Homme  sont. 

(a)  les  vols  transmcrklicns  a  travers  5  fuseaux  horaires  ( A+  >  5  heures). 

(b)  lc  travail  poste  avec  A+  K  heures  qui  comporte  des  ehangements  abrupts  entre  l'aetivite-diurne/le 
sommeil-noctume  ct  Factivite-nocturne/lc  sommeil-diurne  ou  I'inverre. 

Un  ensemble  d'etudes  preeedentes  (llalberg.  Reinberg1-1 .  Remberg4.  Aschoff  et  al.5)  ont  montre  que  I'espace  de 
temps  necessatre  pour  s'ajustcr  de  "t'ancicnne"  s>  nchronisation  a  la  “nouvelle".  apres  un  A'F  .  varie.  (a)  dune  variable 
a  I’autre  chez  le  meme  su)et  (par  exemple  le  0  de  la  temperature  corporclle  s’ajuste  plus  rapidement.  que  le  0  des  1 7-OHCS 
urmaires).  (bl  vane  suivant  la  direction  du  A+  (par  exemple  apres  un  A'V  equivalent  a  un  vol  de  Paris  a  New  York 
retard  de  phase  les  acrophascs  s'ajustent  plus  rapidement  qu'apres  un  A»F  equivalent  a  un  vol  de  Ness  York  a  Paris 
avancc  de  phase),  (c)  varie  d'un  sujet  a  un  autre  pour  une  variable  donnee. 
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Avec  P.Andlauer,  N.Vicux.  J.GhaU  et  d'autres  colkcucs,  nous  avons  utilise  ces  connaissances  chronophyswlogiques 
et  une  methodologie  chronobiolo*ique  pour  essayer  d’atteindre  une  meilleure  comprehension  de  la  tolerance  individuelle 
au  travail  posty4-7.* . 


A  partir  de  faits  ctiniques,  il  apparait  que  dans  une  population  d’aduites  sains,  seul  un  nombre  limite  de  suiets  tdont 
le  pourcentage  n’est  pas  encore  quantifk)  est  capable  de  tokrer  k  travail  poste.  (Akerstedt14.  Landier  et  Vieux"  . 

Andlauer  et  al.12 ).  De  nombreux  travailleurs.  meme  apres  plusieurs  mob  de  travail  poste.  souffrent  de  fatigue,  dc 
perturbation  du  sommeil.  entre  autrcs  symptomes.  Ces  symptomes  cliniques  d ’intolerance  peuvent  apparaitre  apres 
plusieurs  annees  (ou  meme  apres  une  ou  deux  decades)  de  travail  poste  pour  certains  travailleurs  (par  exernpk,  iorsqu’ib 
atteignent  la  qua^antaine  ou  la  cinquantaine).  Cependant.  quelqucs  sujets  sont  capables  de  faire  un  travail  poste  durant 
toute  kur  vk  active  sans  aucun  probkme  medical  et  sans  alteration  de  la  sante.  Malheureusement.  il  n’est  pas  possibk 
aujourd’hui  de  pr^dire  si  un  sujet  est  ou  n’est  pas  capable  de  tolerer  facilement  le  travail  poste  pendant  de  nombreuses 
annees.  Seule  l'expenence  sur  le  tas,  dans  une  situation  reelk,  perroet  d’evaluer  cctte  capacity  individuelk. 

Puisquc  le  nombre  de  penonnes  in' cressets  par  k  travail  poste  est  grand  (presque  un  million  de  travailleurs  en 
France)  et  puisqu’il  est  important  (aussi  bkn  pour  1'employeur  que  pour  (’employe)  dc  connailre  cettc  tolerance  indiviuuellc 
au  travail  poste.  il  eit  d’un  int^ret  pratique  d’evaluer.  a  partir  d’experknees  chronobiologiques.  ks  indicateurs  possibles 
d’une  bonne  tolerance  a  long  terme  du  travail  comportant  des  changements  de  poste.  {.’amplitude  du  rythme  circadicn 
de  la  temperature  (entre  autres  variables)  a  etc  considercc  comme  un  indicateur  potentiel  par  reference  a  deux  hypotheses 
compiementaires. 

La  premiere  fut  proposer  par  Aschoff12 :  l’amplitude  circadknne  de  certaines  variables  telks  que  la  temperature 
orale  est  un  index  chronobiologique  permettant  d’apprecier  la  capacite  individuelk  a  deplacer  la  phase  des  rythmes  circadiens. 
En  d’autres  mots,  un  rapide  ajustement  de  l'acrophase  0  a  un  changcment  dc  synchronisation  A+  est-il  assock  a 
une  petite  amplitude  circadknne? 

La  scconde  hypothese  a  etc  proposer  par  Andlauer14 :  la  bonne  tolerance  au  travail  poste  est -elk  lice  a  une  grande 
amplitude  du  rythme  circadkn  de  la  temperature  orale? 

Les  vakurs  experimentaies  collectecs  au  cours  d 'experiences  antcricures  chcz  les  travailleurs  ,-oslcs  d’une  raffinerk 
(Reinbergetal.,s-,*)ontetecompletecsetreanalysies  pour  voir  si  ouiou  non  A  et  A©  (resultant  de  A+ )  sont 
correlees  pour  des  variables  telles  que  la  temperature  orale.  la  spirometrk  de  pointe.  les  1 7-OHCS  urinaircs.  etc.  (Etude  1). 

La  relation  possible  entre  l’amplitude  circadknne  du  rythme  de  la  temperature  orale  et  la  tolerance  du  travail  poste 
a  etc  su  spec  tee  a  partir  de  l’inspcction  de  vakurs  brutes  de  2*>  sujets.  L’observation  etait  en  fait  une  proposition  d’Andlaucr 
pot.r  des  recherchcs  compiementaires.  Ces  dernieres  ont  etc  faites4 .  Elies  component  des  travailleurs  posies  d’industne 
differentes  (etude  11). 

Le  schema  experimental  dc  IMtude  Ill  a  etc  fait  pour  eprouvet  les  hypotheses  que  I’amplitude  du  rythme  circadkn 
(celui  de  la  temperature  par  exernpk)  est  Ik  a  la  vitesse  de  l'ajustement  et/ou  a  la  tolerance  du  travail  poste.  En  eprouvant 
ces  hypotheses,  le  probleme  de  leur  compatibility  (et  meme  celui  de  leur  complementarity)  a  etc  pris  en  consideration* . 

D'un  point  de  vue  pratique,  la  complementarity  signifkrait  qu’un  sujet  tolerant  (capable  de  rcsister  au  travail  postil 
a  une  grande  amplitude  de  son  rythme  circadkn  de  la  temperature  et  s’ajuste  lentement  apres  un  changcment  dc  poste. 

Le  sujet  non  tolerant  (qui  souffre  de  divers  troubles  medkaux.  revclant  une  ccrtainc  fragility )  aurait  une  rdativcmcnt 
faible  amplitude  de  son  rythme  circadkn  de  la  temperature  et  un  ajustement  rapide  apres  un  changcment  dc  poste  (A'f ). 

En  outre,  un  sujet  qui  a  pu  tolerer  le  travail  poste  de  fa^on  excellente  pendant  dcs  annees.  peut  voir  apparaitre  dc  grandes 
diffkultcs  qua  ml  =1  atteint  la  quarantine  ou  la  cinquantaine.  Ainsi,  des  parametres  caracterisant  ks  rythmes  circadkns 
tels  que  A,  et  A0  c.it  eti  estimis  a  partir  de  series  temporelks  individuelics.  cependant  que  I’age  dcs  sujets  et  la 
tolerance  au  travail  poste  itaient  pris  en  consideration  pour  constitucr  les  groupes  de  I’etude  111. 


UNE  GRANDE  AMPLITUDE  C1RCAD1ENNE  ESTELLE  LI  EE  A  UN  AJUSTEMENT  LENT  DES  RYTHMES 
CIRCADIENS  DE  TRAVAILLEURS  POSTES?  (Etude  l4-7) 

Suiets: 

Des  series  tempo  re  lies  (auto-mesures  et  dosages  cn  uniques  d'echantillons  urinaircs)  ont  etc  obtenues  de  travailleurs 
postes  de  sexe  masculin  de  deux  raffinerics  dc  petrok  situees  rsspectivcmcnt  a  Reichstett  et  a  PctitA'ouronnc  en  France. 
L'ancknnete  du  travail  posti  variait  de  ur.  a  seize  ans.  LVtude  de  Rekhstett  comportait  20  travailleurs  de  25  a  48  am. 
la  rotation  des  postes  avait  lieu  toutes  les  semaincs:  letudcs  de  PetitCouronnc  comportait  5  travailleurs  postes  ages  de 
21  a  28  ans  et  la  rotation  des  postes  avait  lieu  tous  ks  3  ou  4  jours  (rotation  rapide). 

Methodes: 

Des  auto-mcsurcs  de  la  temperature  orale.  de  !a  force  musculairc  et  de  la  spironktric  de  pointe  ont  ete  faites  toutes 
les  4  heurcs  ( except e  pendant  le  sommeil)  aux  memes  hours,  le  jour  n"  1  (entre  autrcs)  dc  chaquc  poste  dc  travail  Les 


cchantilloiu  d'urine  ont  etc  collect  e*  de  4  heure*  en  4  heure*  pour  Ic  Joufc  dev  1 7 -OIK'S.  du  potassium.  du  sodium 
etc.  La  durcc  dc  1'etudc  a  etc  dc  to  a  8  scmainc*. 

La  methode  du  cosinor  singulier  a  etc  utiltsec  pour  quantifier  ('amplitude  A.  I'acrophasc  0  et  Ic  r>  thine  dc 
cliaque  sujet  pour  chaque  variable  au  cours  dev  different*  quart* 

Pour  chacune  de  ces  variable*  et  chacun  dc*  25  uijct*.  nou*  avon*  eludic 

( 1 1  I'amplitudc  moyenne  A  cakulcc  a  partir  dc  la  sene  longitudinale  complete  tee  taisant.  toute*  le*  variations  de 
ce  parametre  vjnt  prises  en  consideration). 

(2)  la  magnitude  tou  la  vitesse idu  deplacement  de  I'acrophave  AO  AO  cst  la  difference  ten  licures*  enUe 
I'acrophasc  0  de*  joursde  controls*  l travail  e;  actrvitc-diurnc'rcpovnocturnci  et  le  O  correspondant  au 
premier  travail  de  nuit  lie  premier  cycle  de  24  heure*  qui  suit  le  premier  travail-de-nuit/repovct-vommeil- 
diumei.  Le*  AO  estinie*  correspondent  a  un  retard  de  phase  A*f  d  ens  iron  7.  5  heure* 

Le  coefficient  dc  correlation  a  etc  calcule  entre  A  et  AQ  de  chaque  variable  et  aussi  entre  Ic*  AO  de  differentc* 
varublcs.  ’ 

Rciuluti 

La  figure  1  montre  unc  correlation  negative  obtenue  entre  A  et  AQ  de  la  temperature  orale  tr  =  0.<>3 . 

P  <  0.01 1.  plus  i'amplitudc  est  petite,  plus  le  AO  cst  grand 

Le  tableau  I  montre  de*  correlation*  negative*  statntiqucmcnt  significative*  entre  A_  et  AQ  pour  la  spirometne 
de  pointe  et  pour  f  excretion  unnaire  dev  1 7-OIK'S  Cepcndant.  la  correlation  entte  _A  et  AO  pour  la  force  muscuiaire 
ct  (excretion  urinaire  dc  K*et  de  \a*  nc  sont  pa*  statrstiqucnient  significative* 

II  etait  intcressant  d'-: yammer  dans  quelle*  me-,  ire*  le*  amptitude*  de*  differentc*  variable*  sont  corTelee*.  II  appamit 
que  le  de  la  temperature  orale  cst  cortcie  avec  le  A^  Je  la  spirometne  de  pointe  tr  0.4K.  P  <  0.05 1  mai*  n'est  pa* 
corTele  avec  le  A  dc  (excretion  urinaire  de*  I  'AMK'S  ir  =  0  07 .  P  >  0.005 1 

Unc  correblton  positive  entre  lage  dc* *ujet* et  le  A_  leur  ry thine  circadier. a  etc  trouvee  pour  une  veule  vjruble 
b  spironietrie  de  pomte  Plus  le*  *ukI*  *ont  age*,  plus  I'ampiitude  est  grande  ir  0.57.  P<0.0li 
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variables 

r 

p 

Temperature  orale 

-0.63 

-  0,01 

Spironetrie  de  pointe 

-0,53 

-  0,01 

Porce  nusculaire 

-v° 

-  0,0^ 

I’-VHCS  urinaire* 

-0,60 

•  0,01 

Ro.wisiuP  urinaire 

O 

• 

-  0,05 

Sodiun  urinaire 

i 

-0,1S 

-  0,05 

airw^ 


' 
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Hg.l  Correlation  entre  I'amplitude  mosenne  A  ten  Celsius!  et  le  dcpiaccmcnt  AO  dc  t'acrophasc  0 
ten  hcuiesi  «iu  r>  thmc  c  tread  ten  dc  la  temperature  orale 


AO  correspond  a  la  difference  des  localisations  dc  0  sur  I’cchcllc  dcs  24  hcurcs  entre  les  jours  a  actisitc  diurne  ct  Ic 
premier  quart  dc  nuit  (travail  dc  21  a  05  ou  06  h  ct  sommcil  de  joun 

•  .  20  travaillcurs  posies  ctudies  a  Rcicltstctl. 

.  5  travaillcurs  posies  etudien  a  Pctit-Courunnc 


i 
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UNE  GRANDE  AMPLITUDE  DU  RYTHME  CIRCADIEN  DE  LA  TEMPERATURE  ORALE  EST  ELLE  LIEE 
A  UNE  BONNE  TOLERANCE  CLINIQUE  DU  TRAVAIL  POSTE  (Etude  II:  8). 
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Su/cts 

48  travailleurs  postes  ont  etc  voluntaries  pour  cette  etude.  23  d'entre  cux  travaillaient  pour  la  meiallurgie  (Steel 
Industry  SI)  pres  de  Saint-Etienne.  en  France,  les  25  autres  travaillaient  dans  1'industrie  chimique  (CD  pres  de  Grenoble, 
en  France.  Les  distributions  des  iges  des  sujets  etaient  presque  similaircs  en  ce  qui  concernc  les  groupes  (type  d’industrie) 
et  les  sous-groupes  (tolerance  au  travail  poste).  Cependant.  un  grand  nombre  de  sujets  non  tolerants  avaient  une  sneiennete 
de  travadleur  poste  d'au  moins  10  ans.  Cette  distribution  inegale  n‘est  pas  surprenante  si  Ton  prend  en  consideration 
que  I’m  tolerance  du  travail  poste  augmente  a'.ec  Page  des  sujets10  11  Les  metallurgistes  avaient  des  quarts  de  7  jours 
(rotation  hebdoiiiadaire).  Les  travadleurs  de  1‘industrie  chimique  etaient  soumis  a  un  systeme  de  rotation  rapide.  la 
duree  des  posies  etant  de  deux  jours. 

Criteres  J e  la  tolerance  du  travail  post t 

Cette  tolerance  chnique  j  etc  appreciee  par  les  criteres  classiques  en  considerant  a  la  fois  I’existence  et  l’intensite 
de  trots  types  de  troubles  associes  au  travail  poste.  lis  peuvent  etre  classes  en.  troubles  digestifs,  neurologiques  et/ou 
perturbations  du  sommei1.  Les  troubles  digestifs  sont  le  plus  souvent.  b  dyspepsie.  la  gastrite.  la  colite  et  l'ulcere.  Les 
problcmes  neurologiques  sonl  pnncipalen.ent  une  irritabilite  inhabituelle  et  une  fat'gue  persistante.  Cette  demierc 
differe  de  b  fatigue  phystoiogique  consecutive  a  des  efforts  phv  siques  ou  mentaux.  qui  disparait  apres  un  espace  de  temps 
de  repos  adequat.  Fimleinent.  les  alterations  du  sommcil  (par  exemple.  mauvaisc  qualiie  subjective  insomnies.  sommeil 
interrornpu  par  des  cvcils  frequents  etc.  >  font  i’objct  de  pbintes  de  b  part  des  postes  intolerants.  Deux  ou  trois  types 
de  troubles  peuvent  etre  present  sunultanement  chez  un  sujet  donne.  Insistons  sur  le  fait  qu’un  sujet  ooste.  depuis  de 
nombreuses  annees.  est  capable  de  reconnaitre  des  modifications  a  la  fois  dans  sa  capacite  de  fairc  son  travail  et  dans  sa 
forme  physique  apres  un  sommcil  de  nuit.  pendant  les  jours  de  repos  Ainsi.  Fintolerance  du  travail  poste  est  appreciee 
a  b  fois  erj  fonction  de  b  propre  experience  du  sujet  et  des  observations  clinkjucs. 

UethoJe » 

l>es  Ihcrtnonictrcs  inedicaux  condoles.  as  ant  une  precision  d’l  20eme  de  Celsius,  ont  etc  utilises  pour  les  mesures 
de  la  temperature  orale  L  es  dernieres  ont  etc  t’aites  pendant  un  espace  de  temps  de  4  semaines.  le  dernier  (2eme  ou  "emci 
jour  de  chaque  poste.  a  deux  heures  d'inlervalles  et  lieures  fixes. 

Les  methodes  eonventionnelles  et  cclles  du  cosmor  ont  etc  utilisees  pour  les  analv  ses  statistiques 
Ke\tdtJt\ 

Pour  chaque  sujet.  ia  difference  entre  le  maxunum  et  le  minimum  iMax-min  Dif  i  ont  ete  reunies  par  groupes  et 
sous-groupes  pour  fanalvse  statistique  Le  tableau  2  indiquc  une  sanation  stalistiquement  significative  |P  <  0.005 1 
de  b  Max-min  l)it  entre  les  sujets  qui  tolerent  cl  ecus  qui  ne  tolerent  pas  le  travail  posts1  Ceb  est  vrai  pour  les  postes 
des  deux  industries  considerees  iSI  et  CD 

l>*s  rvthines  sircadiens  statistiquement  sigmficatils laves  A  different  de  zero  aves  P  0.005)  sont  detectes  dans 
les  sous-groupes  des  sujets  tolerants  c»  non  tulcrants  des  deux  industries  imethodc  du  sosinori  Les  valeurs  de  Mcsor  ne 
different  pas  de  taxon  statistiquement  significative  d'un  gr  mpe  a  l’autre  entre  les  personnel  qui  tolerent  et  cclles  qui  ne 
tolerent  pas  le  travail  poste  Les  localisations  de  facrophase  dans  fechcllc  des  24  heures  sont  tres  prochs*s  dans  toutes 
les  scries  teuiporelles  considerees  (aux  environs  de  10.00).  Seule  I’amplitudc  laisse  apparaitre.  dans  chaque  cas.  des 
differences  statistiquement  significatives.  I  ne  amplitude  ctrcadiennc  petite  est  associcc  a  une  mauvaisc  tolerance  du 
travail  poste  cependant  qu'une  excellente  tolerance  est  cxxociec  a  une  valeur  de  \  rebtivement  grande  (tableau  5) 

II  ctait  interevvant  de  voir  si  ce  phcnomenc  se  venftait  nun  seulenient  pour  le  groupe  mats  aussi  pour  les  individus 
en  ce  qui  concerns*  la  tolerance  et  le  circadien.  Le  test  du  \5  a  etc1  utilise  pour  analvser  la  distribution  des  sujets 
etudies  en  fonction  de  leur  tolerance  au  travail  posts*  et  de  la  Max-min.  I)*f.  de  b  temperature  orale  La  diflerencc  de 
distribution  n  est  pas  statistiquement  significative  pour  les  sous-groupes  de  SI  die  est  significative  pour  les  sous-groupes 
de  findustne  chimique.  |9  des  1 1  sujets  qui  tolerent  le  travail  poste  ont  une  Max  -mm  Dif  >0.94  C  |  valeur  moyenne 
generate |.  cependant  que  9  sur  1 4  des  sujets  qui  ne  tolerent  pas  le  travail  posts1  ont  une  Max-min  Dif  <  0.94  C  avec 
\:  5.31  et  P<.  0,025 1.  Pour  I’ensemble  des  valeurs  des  deux  industries  et  des  deux  sous-groupes.  lb  sur  20  sics 

sujets  qui  tolerent  bien  le  travail  poste  ont  une  Max-min  Dif  -*  1 .0“  C  j  moyenne  de  l'ensemble  des  valcurs| .  cependant 
que  18  des  28  sujets  qui  ne  tolerent  pas  le  travail  posts1  ont  une  Max  min-Dif  <  1 .07  C.  -  9.22.  **  <  0,005 
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TABLEAU  2 

ANALYSE  "UACXOSCOPinUE"  DES  VALEURS  8HUTES.  VUEERENCE  CNTRE  LES 
MAXIMA  ET  LES  MINIMA  CIRCAPIEMS  1MAX-MIM .  PH.  I  PE  LA  TEMPERATURE 
ORAIE  PE  TRAVAULEURS  POSTES.  MAX-MI M.PIF.  EM  CELSIUS 


Groupe 

(rotation  tous  les$ 

Max-Min.  Dif.  en  “C 

P  ■ 

Tolerance  du 
Excel lente 

travail  postg 
Mauvaise 

Sidgrurgie  X 

SI  +  1ES 

(7  jours)  n 

1.42 

♦  0.13 

9 

1.06 

♦  0.09 

14 

<0.005 

Chimie  X 

Cl  ♦  1  £S 

(2  jours)  n 

1.16 

♦  0.06 

11 

0.77 

♦  0.08 

14 

<0.005 

Une  difference  statistiquement  significative  apparait  entre  let 
sujets  qui  tolSrent  et  ceux  qui  ne  tolfcrent  pas  Ie  travail  poste. 
pour  les  deux  Industries.  La  Max*nin.Dif.  des  sujets  non  tol£rants 
est  plus  petit  (P  <  0,012)  pour  le  groupe  Cl  par  rapport  au  groupe  SI. 

(pas  de  difference  chez  les  sujets  toierants).  Cette  difference  inter- 
groupe  pourrait  resulter  de  variations  liees  i  1 'envi ronnement  et/ou 
aux  conditions  experimentales  :  rythnes  circannuels;  activite  physique; 
exposition  i  la  chaleur;  type  de  rotation  etc. 


TEMPERATURE  ORALE.  AMPLITUDE  DU  RYTHME  C1RCADIEN.  TOLERANCE  AU  TRAVAIL  POSTE 
ET  AGE  DES  S'JJETS  (Etude  III:  9). 


Sujets: 


Des  opdrateurs  il'une  raffinerie  de  pdtrole  ont  iti  volontaires  pour  ccitc  etude.  Quatro  groupes  de  travaitlcurs 
postes  ont  etc  formds. 

Groupe  1:  6  operateurs  jeuncs.  sans  aucun  trouble:  age  ntoyen  25.  3  ans  (de  21  a  35  ans).  Lear  anciennete  dans 
Ie  travail  postd  est  cn  moyenne  de  2.  3  ans  (de  I  i  4  ans). 

Groupe  II:  10  operateurs  ancicns  sans  aucun  trouble.  Age  moyen  de  50  ans  (de  44  a  57  ans).  Anciennete 
moyenne  du  travail  poste  25.  1  ans  (del 5  d  32  ans). 

Groupe  111:  6  operateurs  ancicns  souffrant  de  troubles  mtneurs.  (fatigue  apres  le  quart  de  nuit  ct  mediocre  qualite 
du  sommeil.)  L’age  moyen  est  dc  50.  2  ans  (de  46  a  56  ans).  L'anciennet<f  moyenne  esc  de  26  ans  (de  22  a  3 1  ans). 

(iroupe  IV :  7  operateurs  ancicns  souffrant  de  troubles  majeurs  (fatigue  persistantc  mernc  pendant  le  repos;  profonde 
diterioration  du  sommeil;  utilisation  de  somniferes  pour  dormir)et  des  lors devant  abandonner  le  travail  poste  peu 
apres  I’etude.  L’age  moyen  dtait  de  47. 4  ans  (de  30  i  56  ans).  L'anciennete  moyenne  est  dc  22, 9  ans  (dc  9  a  29  ans). 

Les  operateurs  ancicns  ont  contribue  de  fa^on  pertinente  j  decider  dans  quel  groupe  (II.  Ill  ou  IV)  ilsdevaient  etre 
places.  Les  employes  constituant  le  groupe  III  considirent  cux-memes  qu'ils  pouvaient  poursuivre  leur  activite  de 
travailleurs  postds;  cependant.  que  ceux  constituant  le  groupe  IV  demanddrent  ou  agreiirent  de  passer  cn  travail  de  jour. 

Le  salaire  des  postes  n’est  pas  diminud  quand  ils  rccommenccnt  une  activity  diurnc  rdgulierc:  ainsi  la  proposition  de 
passer  du  travail  po.t(?  au  travail  dc  jour  est  faite  sans  poser  de  probltmes  financiers  pour  le  travailleur 

Les  operateurs  changcaient  dc  poste  tous  les  3  ou  4  jours  (rotation  rapidc). 

Method es: 

La  temperature  orale  fut  mesurec  toutes  les  4  h cures  a  lieures  fixes.  5  fois  par  24  heures  (pas  de  mesure  pendant  le 
sommeil).  Des  thermometres  mddicaux.  a  grande  dchellc.  ayant  une  precision  de  I /20eme  de  Celsius  et  recontrolds  ont 
etd  utilises. 

Pour  chacun  dcs  29  sujets.  il  a  dte  possible  d'obtcnir  des  series  temporelles  longitudinales  (pendant  3  semaines. 
avec  environ  100  mesurcs)  pour  quantifier  les  rythmes  circadiens  de  la  temperature.  Comnte  pour  les  etudes  I  et  II 
plusieurs  methodcs  statistiques  ont  iti  utilisdes  pour  analyser  les  valeurs  experimentales. 
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Resultats: 


L'amplitude  de  la  temperature  peut  etre  appreeiee  grossierement  par  la  difference  entre  les  maxima  e*.  les  minima 
circadiens  (Max-min.  Dif.)  La  Max-min.  Dif.  est  de  0,8QcC'  t  0,04  (une  ES)  pour  le  groupe  1.  0,76  ±  0,03  pour  le  groupe 
II;  0,70  ±  0,05  pour  le  groupe  111  et  seulement  0,48  t  0,04  pour  le  groupe  IV.  La  difference  de  la  Max-min.  Dif.  entre 
le  groupe  IV  et  respectivcment  les  groupes  1  et  II  est  statistiquement  significative  (P  <  0,0005).  Les  rilsultats  obtenus 
par  la  mdthode  du  cosinor  sont  resumes  dans  le  tableau  4.  Un  rythme  cireadien  statistiquement  significatif  est  detecte 
pour  chacun  des  4  groupes  (A  differe  de  zero  avec  P  <  0,005).  Le  mesor  M.  ne  differe  pas  entre  les  groupes  et  se  situe 
aux  environs  de  36,5°C.  Les  acrophases  du  rythme  cireadien  de  la  temperature  sont  proches  les  unes  des  autres.  Le 
J2.  du  groupe  II  est  aux  environs  de  15.51  (de  15.21  a  !6.27)pour  95  '7t  de  limite  de  confiancc.  cepcndant  que  le  0_ 
du  groupe  IV  est  17.1 1  (de  16.07  a  18.14). 


Les  valeurs  de  l'amplitude  sont  similaires  pour  les  groupes  I.  II  et  Ill;  elles  sont  reduites  pour  le  groupe  IV.  Cette 
diminution  est  statistiquement  significative.  _A  =  0,35°C  (de  0.30  a  0.40  pour  95'.'(  de  limite  de  confiance)  pour  le 
groupe  II.  _A  -  0.23°C  (de  0.17  a  0.29)  pourle  groupe  IV.  Ainsi.  ('analyse  par  le  cosinor  montre  egalement  que  les 
sujets  qui  tolerent  ou  ne  tolerent  pas  le  travail  poste.  different  seulement  par  l'amplitude  de  leurs  rythines  circadiens 
thermiques. 

_A  et  ont  <5te  quantifies  pour  chaque  scrie  temporelle  individuelle.  Les  displacements  de  l’acrophase  A0 
resultant  du  poste  du  nuit  (travail  debutant  a  21.00  et  se  terminant  le  lendemain  matin  a  05.00)  peut  etre  cstime  par  la 
difference  entre  le  0  mesurd  lors  du  poste  de  nuit  et  le  eoirespondant  au  travail  de  jour  des  autres  postes.  Ainsi. 
l'amplitude  individuelle  moyenne  _A  et  le  deplacement  de  facrophase  A0  ont  etc  utilisees  pour  eprouver  a  nouveau 
l’hypothese  suivant  laquelle  plus  A  esl  grand,  plus  A0  est  petit. 


i  1  1  i - 1 - 1  - i —  . 

0  12  3  4  5 

A  0  DE  LA  TEMPERATURE  ORALE  EN  HEURES 
GROUPE  I=#  jll  =0}  III  =  ^;IV  =  + 

fig. 2  Correlation  entre  l'amplitude  moyenne  individuelle  A  (en  Celsius)  et  le  deplacement  de  facrophase  A0 
ten  heures)  du  rytlmie  cireadien  de  la  temperature  orale. 


Representation  graphique  pour  les  valeurs  confondes  des  4  groupes  eonsideres 
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Une  correlation  negative  statistiquement  significative  est  observee  entre  A  et  A 0  (r  =  -0.55.  P  <  0.01  ;figure  2). 

La  valeur  moyenne  de  A  calculee  pour  29  sujets  est  de  0.23'C.  Par  rapport  a  cctte  tnoycnne.  une  difference  de 
distribution  stalistiquement  significative  peut  etre  observee  entre  les  groupes.  Par  exemple.  chez  7  sujets  sur  10  du 
groupe  11,  A  >  0,23"C;  cependant  que  l  sujet  sur  7  du  groupe  IV  .  A  >  0.23"C\  (x1  =  5.16  avec  P  <  0.025 ). 


RESULTATS  DE  ^EXPERIMENTATION  AN1MALE 

Les  resultats  obtenus  par  Yunis  et  collaborateursl91,s.  ont  dans  une  certame  mesure.  des  aspects  interessants 
qui  peuvent  etre  compares  avec  les  resultats  des  etudes  1, 11  et  III.  Les  parametres  du  rythme  ctrcadien  de  la  temperature 
rectale  (A  et  0)  de  differentes  souches  de  Souris  (principalement  CBA  et  NZB)  ont  ete  quantifies  avant.  durant  et 
apres  manipulation  du  synchroniseur  lumiere/obscurite  (LD)  en  relation  avec  le  vieillissement  des  animaux.  A  partir 
des  resultats  presentes  dans  ces  deux  papiers,  nous  avons  pu  deduire  que.  1 1  les  sourts  de  la  souclie  CBA  sunt  resistantes 
aux  maladies  auto-immunes;  dies  s’ajustent  lentement  apres  un  A+  resultant  d’une  manipulation  du  cycle  Ll)  et  ont 
une  relativement  petite  diminution  de  I'amplitude  du  rythme  circadien  de  la  temperature  en  function  de  vieillissement. 

2)  les  souris  de  la  souche  NZB  developpent  une  anemie  hemolytique  auto-immune,  des  anticorps  antinucleaires  et  des 
lesions  finales  avant  lage  de  un  an.  cites  s'ajustent  rapidem-mt  apres  la  mime  manipulation  A+  du  cycle  LD  et  montrent 
une  reduction  relativement  importantc  de  I'amplitude  circadiennc  avec  le  vieillissement.  Ln  outre,  les  resultats  obtenus 
par  Yunis  et  collaborateurs  suggerent  que  la  vitesse  d'ajustement  A0  et  I'amplitude  A^  du  rythme  de  la  temperature, 
aussi  bien  que  les  variations  de  et  des  AO  avec  Page  ont  une  origine  genetique. 

Commentatrcs: 

Les  resultats  obtenus  par  ces  trots  etudes  sont  en  bon  accord.  D'une  part,  ils  montrent  une  correlation  entre  les  A. 
et  AO  circadiens  tels  que:  plus  A_  est  grand,  plus  Ag>  est  petit.  D'autre  part,  les  sujets  etudies  par  Andlauer  et 
collaborateurs8  et  Reinberg  et  collaborateurs9  comprenant  des  postes  jeunes  et  anciens  des  industries  chimiques. 
metallurgiques  et  petrolieres  (avec  des  differences  dans  les  horaires  des  postes  et  la  vitesse  des  rotations)  montrent  qu'une 
excellentc  tolerance  du  travail  poste  est  associcc  a  une  amplitude  relativement  grande  du  ry  thme  circadien  de  la 
temperature  orale. 

Les  deux  hypotheses  (une  relation  entre  _A  et  AO  et  une  relation  entre  A  et  la  tolerance  du  travail  poste)  ont 
etc  eprouvees  pour  les  meine  groupes  de  sujets.  lors  de  Petude  III. 

Pour  une  meilleure  comprehension  des  relations  entre  I'amplitude  du  ry  thin*,  circadien  thennique  et  la  tolerance 
du  travail  poste,  la  possibilitc  du  role  joue  par  le  vieillissement  (et/ou  Panciennete  du  travail  poste)  doit  etre  pris  en 
consideration.  Dans  les  experiences  rapportees.  nous  avons  i  faire  a  des  sujets  de  differents  ages  et  de  differentes  tolerances 
plutot  qua  un  effet  du  vieillissement  Le  modele  animal  de  Yunis  et  collaborateurs19  10  suggere  une  ongine 
genetique  a  la  diminution  de  I'amplitude  du  rythme  circadien  de  la  temperature  lice  a  Page. 

bvidemmont,  d’autres  experiences  sont  necessaires  pour  eprouver  Phypothese  suivant  laquelle  les  sujets  ayant  un 
A  relativement  petit  (ou  un  A  devenu  petit  du  fait  du  vieillissement? )  sont  predisposes  .i  devemr  mtolerants  au  travail 
poste.  Cependant.  la  possibilite  qu’une  faible  amplitude  observee  resultc  (plus  ou  moins?)  d'une  inauvu'sc  tolerance  du 
travail  poste  ne  peut  pas  entre  exclue. 


PERSPECTIVES  PRATIQUES 

Si  la  tolerance  a  long  termc  du  travail  poste  est  associee  a  Pexistencc  d'une  grande  amplitude  du  r  ;;,me  circadien 
thermique  et  a  celle  d'un  ajustement  lent,  it  semble  preferable  de  choisir  un  systeme  de  rotation  des  equipes  de  postes 
qui  ne  pennet  pas  au  sujet  de  s’ajustcr  a  la  "nouvelle”  synchronisation.  Plus  explieitement.  une  rotation  rapide  (avec 
un  changement  de  quart  tous  les  2  a  4  jours)  semble  etre  un  meilleur  choix  que  la  rotation  hebdomadaire  classique 
Cet  argument  cn  faveur  d’un  systeme  de  rotation  rapide  est  lie  a  la  solution  du  probleme  de  la  tolerance  a  long  terme  du 
travail  poste. 

Cependant  on  doit  garder  present  a  I’esprd  que.  dans  des  etudes  anterieures.6"9  les  travailleurs  postes  etudies 
s’ajustaient  rapidement.  en  tant  que  groupe.  Cette  capacite  pourrait  etre  lice  a  I'age.  Les  travailleurs  en  question 
etaient  relativement  jeunes  au  moment  de  1’dtude  (en  moyenne  34.  5  et  24. 4  ans)  et  il  semble  que  l’ajustement  est  plus 
rapide  chez  les  jeunes  quo  chez  les  anciens  postes.  tn  outre.  I'cchantillon  des  sujets  etudies  etait  morns  homogene  que 
prevu  en  ce  qui  concerne  la  tolerance  a  long  terme  du  travail  poste.  Certcs.  nous  avions  a  faire  a  des  operateurs 
selcctionnes  sur  la  base  d’une  bonne  tolerance  au  travail  poste.  Mais  ('appreciation  de  la  tolerance.  d3ns  ce  t. avail,  portait 
sur  une  observation  de  moins  de  10  ans.  dans  23  les  26  cas etudies.  L’intolerance  au  travail  poste  peut  se  reveler  plus 
tard,  comme  ce  fut  le  cas  des  sujets  du  groupe  IV  de  1’dtude  III  resume  dans  ce  papier.  Si  1’on  considere  que  I'ajustcmcnt 
rapide  d'un  sujet  jeune  est  un  avantage  immediat  (ce  qui  reste  a  verifier)  cctte  rapidite  de  l'ajustement  ne  peut  pas  servir 
a  prevoir  si  cctte  tolerance  au  travail  poste  persistera  ou  non  pendant  20  ans  et  plus.  Neanmoms.  I'amplitude  du  ryti-.me 
circadien  de  la  temperature  appararait  comme  un  bon  candidat  pour  un  index  chronobiologique  de  la  tolerance  j  long 
terme  du  travail  poste.  11  dvident  que  d'autres  etudes  sont  ndccssaircs  pour  etendreles  applications  pratiques  de  ces  resultats 
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TOLERANCE  TO  SHIFT  WORK  :  A  CHRONOBIOLOGIC  APPROACH 


Alain  Reinberg,  HD,  PhD. 


Equipe  dc  Recherches  de  Chronobiologie  Humaine  (CARS  n°  105) 
Laboratoire  d*  Physiologic  -  Fondation  A.  de  Rothschild 
25-29,  rue  Manin  75940  Paris  Cedex  19  -  France 


SUMMARY 


The  aia  of  these  studies  was  to  test  the  hypotheses  of  possible  relationships  bet¬ 
ween  the  amplitude  A  of  the  circadian  rhythm  of  oral  temperature  and  (a)  on  the  one 
hand,  speed  of  adjustment  during  shift  work,  and  (b)  on  the  other  hand,  tolerance  to 
shift  work. 

Study  1  involved  25  oil  refinery  operators.  A  negative  correlation  (r  -  -0.63; 

P  <  0.01)  was  found  between  the  mean  A  and  the  acrophase  shift  a0  resulting  from  the 
first  night-shift  :  the  larger  the  A, “the-  smaller  the  of. This  fact  supports  the  hypothe¬ 
sis  of  J.  Aschoff. 

Study  II  Involved  23  steel  industry  workers  and  25  chemical  industry  workers  with 
either  good  or  poor  tolerance  to  shift  work.  Tolerance  was  evaluated  conventionnal ly 
according  to  3  types  of  complaints  :  digestive  troubles,  persistant  fatigue,  sleep  alte¬ 
rations.  Circadian  A  of  oral  temperature  is  larger  in  subjects  who  tolerate  to  shift 
work  than  in  intolerant  subjects.  This  supports  P.  Andlauer's  hypothesis. 

The  study  III  involved  29  oil  refinery  operators  and  was  designed  so  retest  both 
hypotheses,  their  conplementari ty  and  to  take  different  age  groups  into  account.  Good 
tolerance  to  shift  work,  over  many  years,  appears  to  be  associated  with  a  large  circa¬ 
dian  amplitude  and  a  slow  adjustment  during  night-shifts  (small  a0). 


INTRODUCTION 


A  circadian  rhythm  nay  be  characterized  by  its  acrophase  0  (crest  time,  along  the 
24  h  scale  of  the  best  fitting  cosine  function  approximating  aTl  data),  its  amplitude 
A  (1/2  of  the  total  variability  that  is  crest  minus  trough  difference)  and  its  mesor  M 
frhythn  adjusted  mean)  (Halberg,  Reinberg  :  1;  Halberg  et  al  :  2). 

A  phase-shift  (if)  of  socio-ecological  synchronizers  is  followed  by  an  acrophase- 
shift  (i£)  which  is  T7T  the  same  direction  and  the  same  magnitude  as  i_f .  Practical  exam¬ 
ples  of  r?  of  men  are  : 

( a )  trar.sneridian  flights  across  at  least  5  time  zones  (if.  >  5  h). 

(b)  Shift-work,  with  *?  ■  8  h  which  involves  abrupt  changes  from  either  day-work/ 
night-sleep  to  night-work/day-sleep  or  vice  versa. 

A  set  of  previous  studies  (Halberg,  Reinberg  :  1,  3;  Reinberg  :  4;  Aschoff  et  al  : 

5)  have  shown  that  the  time  needed  to  idjust  from  the  "old"  synchronization  to  the  "new" 
one  after  a  i£  varies  : 

(a)  from  variable  to  variable  in  the  same  subject  (e.g.  as  a  rule  the  bodycore  tem¬ 
perature  9  adjusts  faster  than  the  urinary  17-OHCS  5); 

(b)  with  direction  of  if  (e.g.  after  a?  equivalent  to  a  flight  from  Paris  to  New 
York  (phase  delay)  0s  adjusT  faster  than  aTter  a  ^  equivalent  to  a  flight  from  New  York 
to  Paris  (phase  advance); 

(c)  from  subject  to  subject  for  a  given  variable. 

Uith  P.  Andlauer,  N.  Vieux,  J.  Ghata  and  other  colleagues  we  have  used  this  chrono- 
physiological  background  (as  well  as  a  chronobiological  methodology)  to  try  better  under¬ 
stand  individual  tolerance  to  shift  work  (6,  7,  8). 

From  clinical  evidence  it  appears  that  in  a  population  of  nealthy  human  adults  only 
a. limited  number  of  subjects  (not  yet  quantified)  are  able  to  sustain  shift  work 
(Akerstedt  :  10;  Landier  and  Vieux  :  11;  Andlauer  et  al  :  12).  Many  workers,  even  after 
several  months  of  shift  work,  suffer  from  fatigue  and  sleep  disturbance  as  well  as  other 
sympstoms.  Clinical  symptoms  of  intolerance  may  be  seen  after  several  years  (or  even  1 
or  2  decades)  of  shift  work  by  some  workers  (when  they  reach  forty  to  fifty  years  of 
age).  However,  some  subjects  are  able  to  shift  work  during  all  their  active  life  span 
without  medical  problems  or  complaints.  Unfortunately,  at  the  present  time  it  is  not 
possible  to  predetermine  whether  or  not  a  subject  can  tolerate  shift  work  easily  for  ma¬ 
ny  years.  Only  by  on  the  job  experience  is  it  possible  to  evaluate  one's  capability. 

Since  the  number  of  persons  involved  in  shift  work  and  transmeridian  flights  is 
large  (almost  one  million  workers  in  France)  and  since  it  is  of  interest  (bot*  to  the 
employer  and  employee)  to  know  the  individuals'  potential  to  keep  to  shift  work  it  is  of 
practical  concern  to  evaluate  data  from  chronobiological  experiments  for  possible  indi¬ 
cators  which  may  predict  successful  long-term  adherence  to  shift  work  schedules.  The 
circadian  rhythm  amplitude  of  the  body  core  temperature  (among  other  variables)  was 
considered  as  candidate  for  such  an  indicator  with  regard  tc  two  complementary  hypothe¬ 
ses. 
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The  first  one  Mas  proposed  by  Aschoff  (13)  :  the  circadian  anplitude  of  certain 
variables  such  as  the  oral  temperature,  is  a  chronobiological  index  indicative  of  one's 
ability  to  phase  shift  circadian  rhythms.  In  other  words,  is  a  rapid  adjustment  of  9^ 
to  a  phase  shift,  m,  associated  with  small  circadian  amplitudes? 

The  second  hypothesis  was  proposed  by  Andlaucr  (14)  :  is  a  good  clinical  tolerance 
to  shift  work  related  to  a  large  amplitude  of  the  oral  temperature  circadian  rhythm? 

Data  gathered  from  previous  studies  on  oil  refinery  shift  workers  (Reinberg  et  a  1 : 
15-18)  have  been  complemented  and  re-analyzed  to  test  whether  or  not  As  and  &9s  (resul¬ 
ting  from  avs)  are  correlated  for  variables  such  as  oral  temperature,  peak  expiratory 
flow,  urinary  17-OHCS,  etc.  (Study  I). 

The  possible  relationship  between  the  circadian  amplitude  of  oral  temperature  rhy¬ 
thms  and  tolerance  to  shift  work  was  suspected  only  from  the  inspection  of  raw  data  of 
25  subjects.  The  statement  was  actually  a  proposal  from  Andlauer  for  further  studies. 
These  latter  have  been  carried  out  (8).  They  involved  shift  workers  from  two  different 
industries  (Study  II). 

The  experimental  protocol  of  Study  III  was  designed  to  test  the  hypotheses  that 
the  circadian  rhythm  amplitude,  e.g.  of  oral  temperature,  is  related  to  either  the  speed 
of  adjustment  and/or  the  tolerance  to  shift  work.  In  testing  these  hypothesis,  the  pro¬ 
blem  of  their  compatibility  (and  even  that  of  their  complementarity)  has  been  taken  in¬ 
to  account  (9).  From  a  practical  point  of  view,  the  complementarity  would  mean  that  the 
tolerant  subject  (resistant  to  shift  work)  has  a  large  circadian  amplitude  of  tempera¬ 
ture  and  adjusts  slowly  after  a  shift.  The  non-tolerant  subject  (with  nedical  complaints 
revealing  a  certain  fragility)  would  show  a  small  circadian  amplitude  of  temperature 
rhythm  and  a  rapid  adjustment  after  a  shift  (m).  Moreover,  a  subject  with  an  excellent 
history  of  tolerance  to  shift  work  *or  many  years  may  exhibit  great  difficulties  upon 
reaching  his  fifties  or  even  his  forties.  Thus  rhythm  parameters  such  as  A,  9  and  l9 
were  estimated  from  individual  time  series,  while  subjects'age  and  tolerance~to  shTFt 
work  were  taken  into  consideration  to  form  the  groups  of  the  Study  III. 


IS  A  LARGE  CIRCADIAN  AMPLITUDE  RELATED  TO  A  SLOW  PHASE-SHIFT  IN  CIRCADIAN  RHYTHMS  OF 

SWIFT ' UOffXERST'TS'niPT  I  TT7JT- -  - 


Subjects  : 


Time  series  (measurements  and  chemical  determinations  in  urine  samples)  were  obtai¬ 
ned  from  male  shift  workers  in  2  oil  refineries  :  Reichstett  and  Peti t-Couronne  -  France 
The  subjects  had  been  on  shift  work  (shift  work  duration)  from  1  to  16  years.  The  data 
analyses  involved  :  (a)  Reichstett  study  :  20  shift  workers,  aged  from  25  to  48,  whose 
shift  length  was  7  dcys  (weekly  rotation);  (b)  Le  Peti t-Couronne  study  :  5  shift  workers 
aged  from  21  to  28,  whose  shift  length  was  3-4  days  (rapid  rotation). 


Methods  : 


Self-measurements  of  oral  temperature,  grip  strength  and  peak  expiratory  'low  were 
performed  every  4  h  (except  during  sleep)  at  the  same  clock  tine  on  day  n°  1  (among 
others)  of  each  shift  (at )  ■  Total  urine  voidings  (for  determination  of  urinary  17-OHCS, 
K*,  Na  ,  etc.)  were  collected  simultaneously.  The  data  gathering  covered  a  6  to  8  week 
span. 

The  single  cosinor  method  (2)  was  used  to  quantify  the  amplitude  A  ,  the  acrophase 
9  of  the  rhythm  of  each  subject  for  each  variable  on  the  different  shifts. 

For  each  variable  and  each  of  the  25  subjects,  we  derived  : 

(1)  the  mean  amplitude  A,  computed  from  all  available  tine  series  (in  so  doing,  the 
total  variance  of  this  parameter  was  taken  into  consideration); 

(2)  the  magnitude  (or  the  speed)  of  the  acrophase  shift  a9.  :.9  is  the  difference(  in 
hours)  between  9  on  control  days  (diurnal-work  and  activity/nocturnal-rest)  and  9  on  the 
first  night  shift  day  (the  24  h  span  following  the  first  session  of  night-work/dTurnal- 
rest  and  sleep).  The  estimated  .‘.9s  correspond  to  a  phase  delay  ;*  -  7.5  h. 

Correlation  coefficients  were  calculated  between  A  and  :_9_  for  each  variable,  and 
also  between  the  a9s  of  different  variables. 


Results  : 


Figure  1  shows  the  negative  correlation  obtained  between  A  and  [9_  for  oral  tempera¬ 
ture  (r  *  -0.63;  P  <  0.03);  the  lower  the  amplitude,  the  greater  the 

Table  1  shows  similar  significant  negative  correlation  between  A  ana  a9  of  the  peak 
expiratory  flow  (PEF)  and  the  urinary  excretion  of  17-OHCS.  However,  the  correlations  fo 
A  and  a9  of  grip  strength,  and  the  urinary  excretion  of  K*  and  Na*  were  not  statistical¬ 
ly  significant. 


A  0  OF  ORAL  TEMPERATURE  IN  HOURS 


F<gmc  I  .  Ceweiatic  n  between  inJ  of  aaf  m.-ai:  amplitude  A  { <  ti  Cetiiui }  a»irf 

scsopfirtsc  :,<l  ! « ii  i.-ou^j!  the  caat  tempeaatu  ie  c<*carf<an  thuthm. 

)  'oil e spends  tc  the  d< fteicnce  ci  0  tccateor.s  cn  the  24  h  scale  between  ccntie( 
dags  and  the  i<ist  night- shi ft  (iugfif-i?o*fc  <*<•»»  21.00  tc  OS. 00  cl  06.00  associated 
with  dag  steep). 

•  :  20  ShUt  tecikclS;  Cc echstett  studij. 

0  :  S  shett  ivoikciS}  Pc  t  i  t -Ceuionne  study. 
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TABU  I 

COMELATJOH  BU'i'ltH  THE  el».CAOIAK  HHVTHU  A'lPtI T UPE  A  AKV  THE  ACR0PHASI 
SHUT  At  AFT  EH  THE  FIRST  ‘,‘IQHT  SHIFT,  FOR  6  VARIABLES 


Variables 

r 

p 

Oral  temperature 

-  0.63 

<0.01 

Peak  Expiratory  Flow 

-  0.53 

<0.01 

Grip  strength 

-  0.20 

>0.05 

Urinary  17-OHCS 

-  0.60 

<0.01 

Urinary  potassium 

-  0.15 

>0.05 

Urinary  sodium 

1 

f 

1 

O 

a— * 
CO 

>0.05 

It  was  of  interest  to  examine  whether  or  not  the  amplitudes  of  different  variables 
were  correlated.  It  appeared  that  the  oral  temperature  A  was  correlated  with  the  peak 
expiratory  flow  A  (r  =  0.48;  P  <  0.05)  but  not  with  the~A  of  urinary  17-OHCS  (r  *  0.07; 
P  >  0.05). 

A  (positive)  correlation  between  subjects  age  and  their  circadian  rhythm  A  was 
found  for  only  one  variable  :  the  peak  expiratory  flow.  The  older  the  subject,  the  lar¬ 
ger  the  circadian  A  (r  *  0.57;  P  •-  0.01). 


IS  A  LARGE  CIRCADIAN  h'*YTHM  AMPLITUDE  (ORAL  TEMPERATURE)  RELATED  TO  A  GOOD  CLINICAL 
TOLERMCfc"  ShITT  uSTTk?  (STUDY  II  :  6). 


Subjects  : 


Forty-eight  shift  workers  volunteered  for  the  study.  Twentv-three  were  employed  as 
shift  workers  for  a  Steel  Industry  (SI)  near  the  city  of  Saint-Etienne-France;  the  other 
25  were  enployed  as  shift  workers  for  a  Chenical  Industry  (CJ)  near  the  city  of  Grenoble 
-France.  Age  distribution  was  quite  similar  within  groups  (industry)  and  subgroups  (to¬ 
lerance  to  shift  work).  However,  a  larger  number  of  non-tolerant  subjects  had  been  em¬ 
ployed  as  shift  workers  for  at  least  10  years.  This  unequal  distribution  was  not  surpri¬ 
zing,  since  intolerance  to  shift  work  occurs  with  aging  (10,  11). 

Steel  workers  had  a  seven-day  shift  (weekly  rotation).  Chemical  workers  worked  a 
rapid  rotation  system,  the  shift-duration  being  two  days  (rapid  rotation). 


Criteria  of  the  tolerance  to  shift  work  : 


Clinical  tolerance  was  appreciated  conventionally  by  considering  both  the  existen¬ 
ce  and  the  intensity  of  3  types  of  shift  work-associated  problems.  These  can  be  classi¬ 
fied  as  either  diqestive,  neurologic  and/or  sleep  disturbances.  With  respect  to  diges¬ 
tive  troubles,  common  complaints  were  :  dyspepsia,  gastritis,  colitis  and  peptic  ulcer. 
Neurolroic  problems  were  mainly  unusual  irritability  and  a  persistant  fatigue  .  The 
latter  differed  from  physiologic  fatigue  resulting  from  physical  and/or  mental  efforts 
since  it  disappeared  after  an  adequate  rest  tine.  Finally,  sleep  alterations  e.g.,  poor 
subjective  quality  of  sleep,  insomnia,  sleep  disrupted  by  frequent  awakening,  etc.  were 
reported  by  intolerant  workers.  Two  or  three  types  of  disturbances  may  be  present  simul¬ 
taneously  in  a  given  subject.  It  must  be  emphasised  that  a  Subject  shift-working  for 
many  years  is  able  to  recognize  changes  in  both  his  capacity  to  carry  out  work  and  in 


hit  physical  vigor  after  nocturnal  sleep  when  off  duty.  Thu*,  the  Intolerance  to  shift 
*»ort  1*  judged  from  both  the  subject1*  experience  and  clinical  observations. 


Methods  : 


Noraa 1  large-scaled  and  calibrated  clinical  ther-noaeters  (1/20  Celsius  precision) 
•ere  used  for  oral  temperature  measurements.  Data  were  collected  during  a  4-week  span 
on  the  last  (either  the  2d  or  7th)  days  of  each  of  the  shift,  at  2  h  Intervals  and  fi¬ 
xed  clock  hours. 

Both  conventional  (weans  and  t  test;  group  distribution  and  test  etc.)  and 
coslnor  (2)  aethods  were  used  for  statistical  analyses. 


Results  : 


The  individual  difference  between  the  aaxlaua  and  the  alnlaua  (Max-win. Dif . )  were 
pooled  for  group  and  subgroup  statistical  analyses.  Table  2  Indicates  a  statistically 
significant  differences  (P  <  0.005)  In  the  Max-win.  Dif.  between  subjects  tolerating 
and  not  tolerating  shift  work.  This  is  true  for  shift  workers  of  botn  51  and  Cl. 


TABLE  Z 
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Group 

(Shift-duration) 

?*a*-"in  Dif.  in  *C 

P 

Tolerance  t 
Good 

9  Shift  work 
Poor 

Steel  Industry  t 

SI  *  1ES 

(7  days)  n 

1.42 
♦  0.13 

? 

1.06 
♦  0.09 
T4 

--.0.005 

Chemical  Industry  X 

Cl  ♦  IES 

(2  days)  n 

1.16 
♦  0.06 

TI 

0.77 
*  0.08 
T4 

<0.005 

A  statistically  significant  difference  ir  (Uax-min.  Vif.)  between 
subjects  who  mere  tolerant  and  intolerant  tc  shift  wort  «\u  found 
t«  att  groups. 

The  Ua*~min.  Vif.  of  inteterant  subjects  was  smaller  (P  •.  C.CIZ! 
in  Cl  than  in  Si  (nc  gsoup  difference  in  teterant  subiect j).  TA,’ 
group  differences  ecu Id  be  related  to  di fference  s  of  some  factors 
and/or  experimental  conditions  Such  as  circannuat  changes,  phusicat 
activities .  exposutes  fc  heat,  twee  of  rotation. 


O  ftSnnc!*t1C,1]V<9"if|C,rt  clrc,dUn  rhythws  (with  A  differing  from  rero  with 
P  <  0.005}  were  detected  In  both  tolerant  and  intolerant  subgroups  of  subjects  workl 
in  steel  and  chewleal  industries  (coslnor  method).  Hesor  values  were  not  statistically 
different  from  group  to  group  or  between  tolerant  and  Intolerant  persons.  0  locations 
very  closed  (around  16.00)  in  the  considered  time  series.  In  each  case- only  the 
amplitude  showed  a  statistically  significant  difference.  A  small  circadian  A  is  asso- 
clated  with  poor  shift  work  tolerance,  while  good  tolerance  to  shift  work  is  associate* 
with  a  relatively  large  f .  (Table  3). 
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It  of  Interest  to  examine1 not  only  group  differences  but  also  the  data  from 
individual  workers  with  regard  to  tolerance  and  circadian  A.  The  * 2  test  was  used  to  a- 
nalyse  the  distribution  of  the  studied  employees  according- to  their  tolerance  to  shift 
work  and  the  Max-min.  Oif.  in  the  oral  temperature  rhythm.  The  difference  in  distribu¬ 
tion  was  not  statistically  significant  for  the  subgroups  of  SI,  while  it  was  signifi¬ 
cant  for  the  subgroups  of  the  studied  workers  of  Cl  (9  out  11  subjects  who  tolerate 
shift  work  have  a  Max-min.  Oif.  >  0.94*C  (overall  mean  value];  while,  9  out  14  subjects 
who  did  not  tolerate  shift  work  had  a  Max-rain.  Di'.  <  0.94°C  with  y2  ■  5.31  and  P  < 
0.025).  In  pooled  data  (across  industries)  of  bo'.t‘  subgroup,  16  out  20  subjects  who 
tolerated  shift  work  well  had  a  Max-rain.  Oif.  greater  than  1.07"C  [overall  mean  value]; 
while  18  out  of  28  subjects  who  did  not  tolerate  shift  work  had  a  Max-min.  Oif.  less 
than  1 . 07®C  ( x 2  -  9.22;  P  <  0.005). 


ORAL  TEMPERATURE,  CIRCADIAN  RHYTHM  AMPLITUDE,  TOLERANCE  TO  SHIFT  WORK,  SUBJECTS‘AGE 

77TD!?T'rTI":'~9T.  - - 


Subjects  : 


Oil  refinery  operators  volunteered  for  this  study.  Four  groups  of  shift  workers 
were  formed. 

-  Group  I  :  6  young  operators  with  no  previous  complaints.  Mean  age  »  25.3  years 
(range  from  21  to  35  years).  They  had  been  shift-working  for  2.3  years  (range  1  to  4 
years). 

-  Group  II  ;  10  senior  operators  with  no  history  of  shift  work  difficulty.  Mean 
age  *  50  years  (range  from  44  to  47  years).  Mean  shift  work  duration  »  25.1  (range 
15  to  32  years) . 

-  Group  III  :  6  senior  onerators  with  minor  complaints  such  as  feeling  tired  after 
the  night-shift  and  poor  quality  of  sleep.  Mean  age  *  50.2  years  (range  46  to  56  years). 
Mean  shift  work  duration  *  26  years  (range  22  to  31  years). 

-  Group  IV  :  7  senior  operators  with  Major  complaints  (persistant  fatigue  during 
rest;  large  subjective  deter ioration  of  sleep;  use  of  sleeping  pills)  and  who  therefore 
were  to  be  discharged  from  shift  work  at  the  tirae  of  the  study.  Meanage  «  47.4  years 
(range  30  to  56  years).  Mean  shift  work  duration  *  22.9  years  (range  9  to  29  years). 

Senior  operators  contributed  pertinently  in  the  decision  into  which  group  (II,  III 
or  I'/)  they  were  to  be  placed.  Employees  constituting  group  III  considered  themselves 
capable  of  continuinn  shift  work;  while  those  constituting  group  IV  requested  or  agreed 
to  be  discharged.  The  salary  of  the  Shift  worker  was  not  reduced  when  resuming  regular 
day  work;  thus,  the  proposal  for  changing  from  a  shift  work  to  day  work  schedule  was 
done  without  financial  cons  idera ti ons . 

Operators  were  shifting  every  3-4  days  (rapid  rotation). 


Methods  : 


Oral  temperature  was  measured,  four-hourly  at  fixed  clock  hours,  five  tines/24  h 
(not  during  sleep).  Large  clinical  raercury  thermometers  (1/20  Celsius  precision)  were 
used . 

For  each  of  the  29  individuals  it  was  possible  to  obtain  a  longitudinal  time  series 
(a  3  week  duration  with  100  data)  to  quantify  the  oral  temperature  circadian  rhythms. 
As  for  studies  I  and  II  several  statistical  methods  were  used  to  analyse  the  data,  in¬ 
cluding  cosinor. 


Results  : 


The  temperature  amplitude  can  be  appreciated  roughly  by  the  difference  between 
circadian  maximum  and  minimum  (Max-min.  Oif).  The  Max-min.  Oif.  is  0.80°C  ♦  0.04  (1  SE) 
for  group  I;  0.76  ♦  0.03  for  group  II;  0.70  *_  0.05  for  group  III  and  only  7.48  0.04 

for  group  IV.  The  Jifference  in  the  Max-min .~0 i f .  between  group  IV  with  respect~to  group 
I  and  II  is  statistically  significant  (P  <  0.0005). 

Results  obtained  with  the  cosinor  method  are  summarized  in  table  4.  A  statistically 
significant  circadian  rhythm  was  detected  in  all  of  the  4  groups  (A  differs  from  zero 
with  P  •:  0.005).  The  mesor  M  did  not  differ  between  groups  and  was-around  36.5°C.  The 
circadian  temperature  9  were  close  to  each  other.  The  9  of  group  II  is  located  around 
15.51  ( 95t  confidence  Timits  being  15.21  to  16.27);  whiTe,  the  9  of  group  IV  is  17.11 
(  16.07  to  18.14). 

Amplitude  values  are  similar  for  group  I,  II  and  III;  they  are  reduced  for  group 
IV,  this  reduction  is  statistically  significant.  A  «  0.35°C  (95t  confidence  limits  be¬ 
ing  0.30  to  0.40)  in  group  II.  A  .  0.23°C  (from  0717  to  0.29)  in  group  IV.  Thus,  cosi¬ 
nor  analysis  also  shows  that  the  only  difference  between  subjects  who  are  tolerant  and 
intolerant  to  shift  work  is  in  their  temperature  circadian  A. 
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As  and  £s  were  quantified  In  individual  tine  series.  The  acrophase  shift  a|J  resul¬ 
ting  Trom  the  night  shift  (work  starting  at  21.00  ending  at  05.00)  could  be  estimated 
by  the  difference  between  9  corresponding  to  night  work  and  the  0  corresponding  to  work 
on  other  shifts.  Thus,  the  individual  mean  amplitude  A,  and  acrophase  shift  A0,  were 
used  to  retest  the  hypothesis  that  the  larger  the  A,  The  smaller  the  A0.  ~ 

A  statistically  significant  negative  correlation  was  observed  beTween  A  and  a(J 

(r  *  -0.55;  P  <  0.01;  figure  2).  “  - 

The  mean  A  value  calculated  from  the  29  subjects  is  0.23°C.  With  regard  to  this 
mean  statistically  significant  difference  in  distribution  were  observed  between  groups. 
For  example,  in  7  subjects  out  of  10  in  group  II  :  A  >  0.23°C;  while  in  1  subjects  Out 
of  7  in  group  IV  :  A  >  0.23"C  (x2  »  5.16  with  P  <  07025). 
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RESULTS  OF  ANIMAI.  EXPERIMENTS 


The  results  obtained  by  Yunis  et  al  (19,  20)  have  some  interesting  aspects  when 
compared  with  results  of  studies  I,  II  and  III.  Circadian  rectal  temperature  parameters 
(A  and  (J)  of  different  strains  of  mice  (mainly  CBA  and  NZB)  were  quantified  before,  du¬ 
ring  anl  after  manipulations  of  the  light-dark  (LD)  synchronizer  in  relation  to  aging 
of  animals.  Based  upon  the  results  presented  in  both  of  these  papers  we  deduced  that  : 
(1)  mice  of  strain  CBA  were  autoimmune  resistant;  they  adjusted  slowly  after  a  if  resul¬ 
ting  from  a  LD  cycle  manipulation  and  had  a  relatively  small  decrease  in  circadUn  A  of 
the  temperature  rhythm  with  aging;  (2)  mice  of  strain  NZB  developed  autoimmune  hemoTitic 
anemia,  antinuclear  antibodies  and  kidney  lesions  before  one  year  of  age;  they  adjusted 
rapidly  after  the  same  at  of  the  L0  cycle  and  showed  a  relatively  large  reduction  in 
the  circadian  A  with  aging.  In  addition,  results  obtained  by  Yunis  et  al  suggested  that 
the  speed  of  adjustment  A0  and  the  amplitude  A  of  the  temperature  rhythm,  as  well  as 
changes  in  A  and  aJ3  with  aging  were  of  genetic  origin. 


COMMENTS 


Results  obtained  from  these  three  studies  are  in  good  agreement.  On  the  one  hand, 
they  show  a  correlation  between  the  circadian  A  and  A0,  the  greater  the  A,  the  smaller 
the  AiJ.  On  the  other  hand,  results  from  subjects  investigated  by  Andlauer  et  al  (8)  and 
by  Reinberg  et  al  (9)  involving  young  and  senior  workers  of  chemical,  steel  and  oil  in¬ 
dustries  (with  differences  in  both  shift  -  schedule  and  shift-duration)  show  that  good 
tolerance  to  shift-work  is  associated  with  a  relatively  large  amplitude  in  the  circa¬ 
dian  rhythm  of  oral  temperature. 

Both  of  these  hypotheses  (a  relationship  between  A  and  and  a  relationship  bet¬ 
ween  A  and  tolerance  to  shift  work)  were  tested  in  the  same  groups  of  subjects  with  the 
study  III. 

In  order  to  understand  the  relationship  between  tne  temperature  circadian  A  and 
the  tolerance  to  shift-work  the  possible  role  played  by  aging  (and/or  the  number  of  years 
of  shift-work)  must  be  taken  into  account.  In  these  experiments  we  are  dealing  with  sub¬ 
jects  of  different  ages  and  tolerance  rathe-  than  with  the  effect  of  aging.  The  animal 
model  of  Yunis  et  al  (19,  20)  suggest  that  the  aging-related  reduction  of  the  circadian 
temperature  A  could  be  genetically  dependant. 

Nevertheless,  other  experiments  are  necessary  to  test  the  hypothesis  whether  human 
subjects  with  a  relatively  small  A  (or  a  small  A  resulting  from  aging?)  may  become  into¬ 
lerant  to  shift  work.  However,  the  possibility  that  an  observed  small  A  results  from  a 
poor  tolerance  to  shift  work  cannot  be  excluded. 


PRACTICA!  PERSPECTIVES 


If  the  i.ng  term  tolerance  to  snift  work  is  associated  with  a  large  circadian  A  and 
a  slow  adjustment  of  the  temperature  rhythm,  shift  schedule  which  do  not  allow  subjects 
to  adjust  to  a  "new"  synchronization  seen  to  be  preferable.  More  precisely,  a  rapid  ro¬ 
tation  (with  shifts  every  2  to  4  days)  seems  to  be  a  better  choice  thant  the  conventio¬ 
nal  weekly  rotation.  The  argument  in  favor  of  a  rapid  rotation  system  relates  *o  solving 
the  problem  of  the  long-te-m  tolerance  to  shift  work. 

However,  it  should  be  kept  in  mind  that  in  previous  studies  (6-9)  the  investigated 
shift  workers  adjusted  rapidly,  as  group  mean.  This  ability  may  be  related  to  age.  The 
employees  were  rather  young  at  the  time  of  the  study  (34.5  and  24.4  years  of  age  as  res¬ 
pective  means)  and  it  seems  that  the  adjustment  is  faster  in  young  than  in  senior  shift 
worke-s.  In  addition  the  samplesof  subjects  were  less  homogenous  than  expected  with 
respect  to  long-term  tolerance  to  shift-work.  He  were  indeed  dealing  with  operators 
selected  on  the  basis  of  (a  good)  tolerance  to  shift  work  --  tolerance  in  this  case 
being  less  than  10  years  of  this  type  of  occupation  in  23  cases  out  of  26.  Intolerance 
to  shift-work  may  be  revealed  later  as  it  is  the  case  for  subjects  of  group  IV  in  the 
present  study  III.  In  considering  the  findings  the  rapid  adjustment  of  a  young  subject 
seems  to  be  an  immediate  advantage  (if  any),  but  it  is  of  no  help  in  predicting  whether 
or  not  tolerance  to  shift  work  will  persist  for  20  years  or  more.  Nonetheless,  the  cir¬ 
cadian  temperature  rhythm  amplitude  appears  to  be  a  good  candidate  for  a  chronobiolo- 
gic  index  of  the  long-term  toler  nee  ‘o  shif>  work.  Obviously,  other  studies  are  needed 
to  extend  the  practical  application  oi  these  findings. 
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SUMMARY 

After  a  brief  introduction  into  the  principles  of  environmental  and  biological  timing 
systems,  the  phenomenology  of  post-transmeridian  de-  and  resynchronization  of  circadian 
rhythms  is  presented,  its  control  and  modification  through  external  and  internal  factors 
described,  and  the  consequences  for  human  efficiency  and  health  discussed.  There  are  con¬ 
clusions  drawn  as  to  possible  relief  measures »and  formulas  and  models  reviewed  which  try 
to  define  the  physiological  processes  and  predict  work  loads  occurring  in  transmeridian 
flight  operations.  Finally,  the  incorporation  of  circadian  rhythm's  aspects  into  Rest/Duty 
Regulations  is  described. 


INTRODUCTION 

Where  air  transport  operations  do  not  involve  geographical  displacement  along  the  lati¬ 
tudes  but,  only,  call  on  human  efficiency  during  sustained  activity  around  the  clock  they 
must  deal  with  the  general  principles  of  circadian  rhythmicity  and  its  implications  for 
physical  and  mental  performance;  this  aspect  has  been  reviewed  earlier  durinq  this  lecture 
series.  Where  air  transport  operations  occur  as  transmeridian  flights  they,  m  addition, 
bring  along  specific  consequences  for  the  human  organism  which  were  called  "Desynchronosis" 
(143),  "Transmeridian  Dyschronism"  (5?)  or  "Jet  Lag  Syndrome"- It  is  this  phenomenon  which 
will  be  discussed  here.  For  a  batter  understanding  of  the  mechanisms  implicated,  at  first, 
a  brief  description  may  be  given  of  the  physical  and  biological  principles  involved. 


The  Temporal  Structure  of  the  Environment 

The  globe  is  divided  from  pole  to  pole  into  360  meridians.  Due  to  earth  rotation  day¬ 
light  travels  within  4  minutes  fiom  one  meridian  to  the  next.  The  geographical  time  dif¬ 
ference,  thus,  comes  up  to  1  hour  per  15  meridians.  This  corresponds  to  one  time  zone 
and  results  in  a  total  of  24  time  zones  around  the  globe  (Figur  •  1 ) . 


Figure  1 :  ie  with  meridians  and 

Jf,eed  of  daylight. 


When  15  meridians  are  crossed  the  time  of 
day  changes:  During  east-bound  travel  the  day 
shortens,  that  is,  the  clock  must  be  set 
ahead  for  as  many  hours  as  time  zones  have 
been  crossed;  during  west-bound  travel,  cor¬ 
respondingly,  the  clock  has  to  be  set  back. 


Biological  Circadian  Rhythms 

The  temporal  structure  of  the  environment 
in  24-hour  periods  corresponds  to  the  period¬ 
ic  oscillation  of  physiological  functions  and 
behaviour  which  has  been  defined  as  circadian 
rhythm. 

Often,  different  rhythmic  functions  exhibit 
diverse  curves  with  respect  to  the  temporal 
position  of  minima  and  maxima  as  well  as  to 
the  amplitudes.  Under  constant  conditions,  i. 
e.  during  isolation  from  the  temporal  environ¬ 
ment,  biological  rhythms  oscillate  w-'th  soon- 
taneous  period  lengths  deviating  from  24  hours 
(7,  14),  and  different  functional  systems, 
like  body  temperature  and  activity,  sway  with 
divergent  frequencies,  a  phenomenon  which  was 
called  "internal  desynchronization". 


Persistence  of  rhythms  under  constant  con¬ 
ditions  and  the  phenomenon  of  internal  de- 
synchronization  give  rise  to  the  hypothesis 
that  biological  circadian  rhythms  are  endogenous  in  origin,  selfsustained  and  controlled  by 
more  than  one  "internal  clock”  (16,  162).  Several  models  have  been  developed  to  describe 
the  circadian  timing  system  (7,  159,  162)  of  which  the  ncn-hierarchical  multi-osci llitory 
model  1105)  explains  the  presently  known  facts  best  (Figure  2) . 


Interrelationship  between  Environmental  and  Biological  Timing  Systems 

The  fact  that  under  normal  conditions  biological  rhythms  concordantly  show  periods  cor¬ 
responding  exactly  with  the  length  of  one  day,  has  been  explained  with  the  influence  of  en¬ 
vironmental  synchronizers  or  Zeitgebers.  For  olmts  and  animals  these  arc,  in  particular. 


io-: 


the  cyclic  variations  of  light  and  tempera¬ 
ture  directly  related  to  earth  rotation.  For 
man,  knowledge  of  the  clock-hour  and  daytime- 
related  social  activities  (11),  like  meal 
timing  (53,  58,  64,  127),  work  and  rest  sche- 
duling  and,  in  particular,  sleep-begin  and  ^ 

sleep-end  (151),  seem  to  be  of  greater  im-  "  j 

portance  as  temporal  reference  than  the  na¬ 
tural  light-dark  cycle.  In  addition,  electro¬ 
magnetic  fields  in  the  10  Hz  range  may  act 
as  synchronizers  in  the  living  organism  *  * 

(158). 
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It  is  the  inability  of  the  endogenous  ...  I.)  ...  >  V 

rhythms  to  adapt  rapidly  to  a  sudden  shift  of 
external  synchronizers  which  causes  a  tran-  *  *  t 

sitory  desynchronization  or  dysihythmia  of  „-i«  «x*  1M 

body  and  environment. 

Figure  2:  Oscillator  models. 


POST-TRANSMERIDIAN  DESYNCHRONIZATION 


After  transmeridian  flights,  in  a  certain  percentage  of  individuals  well-being  is  sub¬ 
jectively  impaired.  Impairment  becomes  mainly  manifest  in  vegetative  functions  which,  like 
hunger,  wakefulness  and  sleepiness,  and  evacuation  of  intestines,  are  daytime  dependent: 
due  to  the  persistence  of  biological  rhythms,  in  relation  to  the  environment,  they  appear 
at  unusual  and  unconvenient  hours.  Apart  from  subjective  symptoms,  even  if  they  are  not 
evident,  objectively  post-transmeridian  desynchronization  is  demonstrable  in  numerous 
psycho-physiological  variables.  Strughold  (142)  seems  to  be  the  first  who  published  a 
scientific  paper  on  this  subject. 


Rhythms  of  Physiological  Variables 

Postfliqht  desynchronization  of  human  physiological  rhythms  has  been  described  during  the 
last  20  years  in  a  series  of  investigations,  mainly,  for  body  temperature,  cardiovascular 
and  metabolic  variables,  and  hormone  and  electrolyte  excretion  (29,  33,  35,  37,  41,  45,  50, 
52,  54,  57,  58.  63,  65,  66,  67,  86,  91,  92,  102,  125,  126,  134,  137,  138,  153,  157). 

From  our  own  research  (on  various  groups  of  8  young  males  transported  on  the  transatlan¬ 
tic  route),  examples  of  pcstflight  rhythm  changes  are  presented  for  17-OHCS  excretion  (153) 
in  Figure  3,  and  for  heart  rate  response  to  submaximal  exercise  on  a  bicycle  ergometer 
(1571  m  Figure  4;  they  exhibit  some  features  typical  for  desynchronization  (though  not  ail 
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Figure  4:  Heart  i  ite  response  to  sub- 

maximal  exercise  after  trans- 
meridian  flights. 


Figure  3:  Urinary  17-OHCS  excretion  after 
transmeridian  flights. 
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of  them,  necessarily,  specific  and  appearing  simultaneously): 

-  a  displacement  of  the  curve  to  the  left  after  west-bound  transportation,  a  displacement 
to  the  right  following  the  east-bound  flight  (shift  of  rhythm  into  the  normal  position 
occurring  gradually); 

-  an  alteration  in  the  range  of  oscillation  (sometimes,  resulting  in  disappearence  of 
rhythm) ; 

-  a  change  in  the  24-hour  mean; 

-  lower  functional  values  (than  pref light)  at  certain  daytimes,  higher  values  at  other 
hours  of  the  circadian  cycle,  the  positions  of  higher  and  lower  postflight  values  de¬ 
pending  on  flight  direction. 

Through  continuous  pre-,  in-,  and  postflight  measurements  (83)  it  is  possible  to  de¬ 
monstrate  some  additional  modifications  of  circadian  rhythm  (Figure  5) : 


-  speed  differences  in  shift  of  maximum  and 

minimum  (134,  153);  wesibouno 
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-  alterations  of  the  “form-factor",  the  ratio 
of  the  length  of  the  inclining  section  to 
the  length  of  the  declining  section  of  the 
circadian  curve  (160). 

Both  changes  are  dependent  on  flight  di¬ 
rection:  The  maximum  shifts  earlier  and  far¬ 
ther,  and  the  form-factor  becomes  higher  af¬ 
ter  west-bound  transportation;  both  is  re¬ 
versed  when  travel  was  east-bound. 

Continuous  measurements  allow,  also,  to 
show  that  circadian  rhythm  of  body  tempera¬ 
ture,  immediately  after  an  8-hour  flight 
across  6  time  zones,  is  still  entrained  to 
preflight  environmental  periodicities,  and 
shift  commences,  only,  with  onset  of  the 
first  sleep  period  in  the  new  time  zone 
(Figure  5) .  This  finding  suggests  that  fast¬ 
er  means  of  long-range  transportation,  like 
supersonic  flight,  through  return  on  the 
same  day  allows  to  avoid  shifts  of  biologic¬ 
al  rhythms;  otherwise  the  degree  or  "jet  lag" 
will  not  change,  since  it  is  maximal  with 
subsonic  speed  of  flight  already.  On  the 
other  hand,  it  was  shown  before,  that  speed 
of  travel  not  resulting  m  more  than  30  min 
time  shift  per  day,  for  instance  by  ship. 
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Figure  5:  Continuous  measurement  of  body 

temperature  .(Preflight  rhythm  is 
hypothetically  shifted  into  the 
postflight  position  expected  after 
completion  of  resynchronization.) 


permits  complete  adjustment  of  body  temperature  rhythm  already  during  the  journey  (134). 


Finally,  it  should  be  mentioned  that  control  investigations  have  shown  displacement  of 
biological  rhythm  (phase  shifting),  indeed,  to  be  the  specific  consequence  of  a  distur¬ 
bance  in  the  temooral  relationship  of  body  and  environment;  while  other  changes  of  the 
form  of  a  24-hour  rhythm  including  those  of  amplitude  and  24-hour  mean  may,  also,  result 
from  other  forms  of  human  activity  like  strenuous  flights  in  north-south  direction  or  vice 
versa,  for  instance  (51,  52,  68,  138). 


Rhythms  of  Mental  Performance 

In  principle,  mental  performance  rhythms,  desynchronize  in  a  similar  way  as  just 
described  for  physiological  parameters  (75,  76,  81,  86,  154).  In  fact,  soma  task  variables 
like  psychomotor  performance  respond  to  a  rapid  phase-shifting  of  the  environmental  Zeit- 
gebers  in  close  analogy  to  the  rhythm  of  body  temperature  (Figure  6) .  The  changes  typical 
for  a  post-transmeridian  desynchronization  are  again:  Displacement  of  rhythm,  modification 
of  amplitude  and  24-hour  mean,  and  lower  functional  values  at  certain  hours,  higher  values 
at  other  daytimes  (Figure  7) .  For  instance,  on  the  first  day  after  crossing  of  6  time  zones 
performance  degradation  becomes  obvious  in  the  later  afternoon  and  early  night  after  a 
west-bound  flight,  and  m  the  morning  and  afternoon  when  travelling  had  been  in  the  oppo¬ 
site  direction.  On  the  average,  impairment  at  the  "typical"  hours  reached  maxima  of  -8  * 
and  -10  %  of  the  corresponding  preflight  level  when  computed  for  west-bound  or  east-bound 
transportation,  respectively  (Figure  8) .  It  was  often  demonstrable  for  up  to  5  cycles;  but 
statistical  significance,  usually,  was  lacking  by  the  3. postflight  day.  In  view  of  the  fact 
that  through  a  high  motivation  and  extra  effort,  circadian  cycling  of  mental  performance 
may  be  overcome  (see  pertinent  section  in  the  paper  on  Human  Performance  Rhythms)  we  must 
conclude  that  the  above  mentioned  periods  of  the  circadian  cycle  are  those  times  where  it 
will  be  much  more  difficult,  at  least,  to  obtain  the  preflight  performance  level. 

As  an  indication  of  total  performance  efficiency,  the  24-hour  mean  is  of  particular 
operational  significance.  We  were  able  to  prove  a  postflight  degradation  of  performance  for 
several  task  variables;  however,  it  was  small,  and  statistical  significance  was  reached 
only  after  east-bound  transportation  (Figure  9) .  Halberg  et  al.  (57,  60)  also  demonstrated 
deterioration  of  performance,  only,  following  east-bound  flights,  while  Hauty  and  Adams  (66,67) . 
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Figure  6:  Body  temperature  and  psychomotor 
performance  rhythms  following  an 
east-bound  flight. (24-hour  mean 
is  indicated  through  horizontal 
lines. ) 


Figure  7 ;  Psychomotor  performance  after 
transmeridian  flights. 
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Figure  8:  Three  performance  tests  after 
transmeridian  flights.  (Time 
difference:  6  hours.) 

(*)  0.1  >  p  >  0.05; 

*  0.05  >  p  >  0.01. 


Figure  9:  24-hour  means  of  temperature 
and  performance  rhychms  after 
transmeridian  flights. 

(For  further  e\planation.Fee 
figure  8 . i 


local  time  at  the  home  base",  if  layover  time  in  the  new  time  zone  was  only  24  hours. 
Contradictionary,  in  a  study  performed  by  our  own  group  (63,  91,  137,  155)  circadian 
rhythms  of  17-OHCS,  body  temperature  and  psychomotor  performance  in  comparison  to  pre¬ 
flight  positions,  showed  a  significant  phase  shift  in  the  magnitude  of  1.5  to  2.0  hours 
on  return  to  the  home  base  which,  on  the  3rd  day  was  reduced  to  about  1  hour  (Figure  10) . 
Curves  of  catecholamines  and  reaction  time  were  not  displaced.  A  significant  reduction 
of  the  24-hour  mean  was  evaluated  for  all  variables  except  noradrenalin;  also  the  ampli¬ 
tudes  were  significantly  altered  in  some  rhythms  (63,  91,  137,  138). 

Layover  times  abroad  were  2-3  days  in  a  Japanese  investigation  on  a  round  trip  bet¬ 
ween  Tokyo  and  San  Francisco.  Under  this  condition  circadian  rhythms  were  disturbed 
while  on  route;  normalization  after  returning  to  the  home  base  took  between  1  day  for 
17-OHCS  and  17-KS,  and  4-5  days  for  heart  rate  and  body  temperature.  The  authors  con¬ 
cluded  that  a  short-stay  flight  pattern,  because  of  shorter  resynchronization  times, 
minimizes  the  ill  effects  of  time  zone  flights.  Similar  conclusions  have  been  drawn  for 
rapid  rotating  shift  work  (55,  88). 

Response  of  Sleep-Wake-Cycle 

The  sleep-wake-cycle  is  part  of  the  circadian  timing  complex,  it,  therefore,  partici¬ 
pates  in  the  desynchronization  of  body  and  environment.  Normally,  the  desire  to  sleep  co¬ 
incides  with  the  environmental  phenomenon  "night"  which  is  not  just  darkness  but  mo*  so 
the  social  related  period  of  illative  inactivity.  After  transmeridian  flights  the  ele¬ 
mentary  disposition  to  be  activ  ■  or  not,  with  relation  to  the  environmental  cycle,  exist 
at  unusual  and  inappropriate  dayulmes.  This  is  the  reason  that  sleep  disturbance  is  one 
of  the  major,  subjective  complaints  of  transmeridian  air  travellers.  Difficulty  in  falling 
asleep,  repeated  spontaneous  awakening  during  the  night,  and  abbreviation  of  sleep  by 
early  morning  wakening  are  symptoms  which  have  been  substantiated  by  sleep  charts  and 
diaries. 


Sleep  duration  and  sleep  pattern.  The  view  has  been  expressed  that  the  most  common  cause 
of  fatigue  amongst  pilots,  generally,  is  not  getting  enough  sleep.  In  view  of  this  state¬ 
ment  the  small  number  of  research  on  this  subject  presently  existing  is  surprising.  Even, 
though  results  are  not  consistent,  they  suggest  that  the  problem  may  be  a  real  or.e. 

From  an  inquiry  on  312  crew  members  of  an  European  airline  (93)  it  became  obvious  that 
during  flights  on  the  transatlantic  route,  55  %  subjectively  experienced  a  shorter  than 
normal  sleep.  Individual  differences  seemed  considerable.  Around  one  fourth  reported  to 
sleep  normal  from  the  first  night  on,  between  40  to  45  %  had  this  feeling  only  during  the 
second  night,  and  sleep  disturbance  lasted  even  longer  in  25  to  35  l  of  those  questioned. 
Twenty  percent  admitted  to  use  hypnotics  when  on  flights, as  against  5  %  during  duty  free 
periods  at  home;  in  stewardesses  this  figure  was  highest  with  44  %.  A  somewhat  similar  re¬ 
sult,  with  respect  to  the  use  of  hypnotics  by  flight  crews,  was  obtained  in  a  recent  studj 
through  personal  interview  technique  on  358  crew  members  (69):  Only  54  %  declared  never 
to  use  hypnotics  on  the  line,  whereas  at  home  this  figure  was  87  %;  of  those  admitting  use 
of  sleeping  medication,  21  %  did  so  "rarely",  the  same  percentage  "sometimes",  and  4  % 
"frequently".  In  the  same  study  similar  figures  were  given  for  alcohol  as  an  aid  to  sleep 
with  the  difference  that  11  %  took  alcohol  "rarely”,  but  11  %,  also,  "frequently".  Of 
particular  interest  were  the  answers  with  respect  to  the  custom  of  the  methods  of  use  of 
hypnotics:  Though  6  to  8  hours  before  duty  were  the  more  frequent  figure,  use  of  up  to 
4  hours  before  duty  was  admitted;  in  86  %  Nitrazepam  (Mogadan)  was  taken. 

In  view  of  the  long  lasting  residual  effects  of  most  hypnotics,  including  Nitrazepam, 
on  human  performance  (74,  112),  the  practice  of  an  uncontrolled  consumption  is  precarious. 
In  two  studies,  there  have  been  some  drugs  identified  which  seem  relatively  harmless  witn 
respect  to  side  effects  on  performance;  in  one  case  (112)  it  was  Diazepam  (10  mg;  and  Me- 
thaqualon  hydrochloride  (400  mg),  in  the  other  (62)  Flurazepam  (30  rag).  However, recently 
polyneuropathy  has  been  reported  as  effect  of  Methaqualone,  so  that  it,  probably  must  be 
eliminated,  again,  from  those  hypnotics  which  could  be  recommended  for  use  by  aircrews, 
if  (a)  requested  by  an  individual  because  of  serious  sleep  peroblems  while  on  routes  with 
irregular  sleep  patterns,  and  (b)  the  potential  user  is  instructed  to  observe  the  follow¬ 
ing  rules  (62) : 

-try  the  drug  in  a  low  dose  several  nights  before  using  it  on  a  regular  trip; 

-  not  use  the  drug  during  lavover  time  if  "hangover"  is  significant  during  the  trial 
use; 

-  not  use  the  drug  if  the  layover  time  is  less  than  12  hours. 

Preston  and  coworkers,  in  the  early  70s,  studied  sleep  with  the  use  of  sleep  logs  and 
of  subjective  assessments  of  fatigue  (121,  122,  124).  The  results  obtained  in  aircrews 
operating  on  world-wide  schedules  may  be  summarized  as  follows. 

In  comparison  to  normal  pattern  and  duration,  sleep  on  route 

-  was  disrupted  and  broken  into  many  periods; 

-  was  well  below  *-he  individual  normal  amount  at  home,  average  differences  per  24  hours 
occasionally  being  as  high  as  2.5  to  3.0  hours; 

-  resulted  in  a  cumulative  sleep  loss;  this  was  i.e.  during  a  15  day-flight  operation  in 
the  magnitude  of  almost  30  hours  at  the  maximus  and  1C  hours  at  the  minimum,  the  older 
crew  members  experiencing  the  greater  sleep  dei.cit  (Figure  11). 
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(See  ref.  80,  164  for  the  interaction  bet¬ 
ween  sleep  loss,  circadian  rhythm  and  per¬ 
formance.  ) 

Air  cabin  crews,  mainly  investigated  on 
transatlantic  routes,  showed  a  consistent 
loss  of  five  to  six  hours  per  night  flight, 
or  of  about  one  hour  per  day  on  route;  loss 
of  sleep  in  this  study  seemed  mainly  asso¬ 
ciated  with  the  number  of  night  flights  at 
local  time,  but  hardly  with  time  zone  changes 
(124). 

Also,  in  a  longitudinal  study  over  3 
months  on  23  crew  members  operating  in  pat¬ 
terns  of  3  and  5  days  on  the  Tokyo-Moscow 
(Western  Europe)  route,  a  sleep  loss  of  6 
to  10  hours  on  night  flights  was  recorded, 
amounting  to  1.5  to  2.5  hours  per  day  on 
route  (17)  .  It  was  concluded  that  several 
days  were  necessary  for  recovery.  From  sleep 
deprivation  studies  it  is  generally  believed, 
however,  that  one  night  of  somewhat  extended  sleep  of  about  13  hours  makes  the  symptoms, 
usually,  disappear  in  most  individuals  (131). 

The  average  sleep  loss  evaluated  in  these  studies  are  comparable  with  those  quoted  for 
night  or  rotating  shift  workers:  0.5  -  2.0  hours  per  day;  however,  if  naps  were  taken  into 
account  the  sleep  deficit  seemed  to  be  reduced  (134).  The  situation  seems  to  be  similar  in 
the  aerospace  environment. 

Nicholson  (110,  111)  following  the  sleep  patterns  of  aircrews  operating  world-wide 
routes,  established  that  sleep  disturbance  arising  from  irregular  duty  periods  and  through 
adaptation  to  time  zone  change,  rather  than  sleep  deprivation  is  the  main  problem.  He  con¬ 
cluded  that  there  was  no  overall  sleep  loss  as  long  as  the  total  sleep  over  each  3  days 
period  preceding  any  duty  period  was  similar  to  that  observed  under  normal  conditions.  Short 
periods  of  sleep  (naps)  were  observed  both,  during  icst  periods  and  during  duty,  when  the 
workload  was  not  demanding.  The  occurrence  of  inflight  sleep  of  cockpit  crew  members  was 
meanwhile  confirmed  through  micro-sleep  EEG  patterns  during  the  over-night  parts  of  flights 
with  the  aeroplane  on  autopilot  (28)  . 

According  to  Nicholson  "naps  appeared  to  play  an  important  part  in  maintaining  the 
necessary  balance  of  sleep  and  activity".  Deducting  his  conclusions  from  observations  on 
a  few  individuals,  only,  he  admitted  that  "personal  modification  of  the  natural  need  to 
sleep  plays  an  important  part  in  the  overall  strategy  of  sleep  planning  and,  therefore, 
in  minimizing  tiredness  during  duty".  Indeed,  in  some  of  the  other  sleep  studies  mentioned 
above,  the  individual  difference  not  only  to  be  able  tc  sleep  on  route  during  rest  periods 
was  high, but  .-.iso  the  ability  to  take  sleep  while  on  duty  (17,69,122)  .Moreover,  we  are  left 
with  the  decision  whether  naps  on  duty  should,  deliberately,  be  incorporated  into  the 
system. 


Figure  1 1 :  Cumulative  sleep  loss  during 
a  world-wide  flight  schedule. 


Sleep  structure.  According  to  differences  in  the  electrical  activity  of  the  brain  (EEG), 
the  eyes  (EOG)  and  the  muscles  (EMG) ,  sleep  has  been  divided  into  stages:  stage  1  to  stage 
4  (orthodo-*.)  sleep  and  REM  (Rapid  Eye  Movement,  or  paradoxical)  sleep.  The  stages  do  not 
emerge  in  i  random  order  but  are  distributed  across  the  total  sleep  period  in  a  character¬ 
istic  manner:  Stage  3  and  stage  4  sleep (high  amplitude  slow-wave  sleep)  predominates  in  the 
early  part,  while  REM  sleep  does  so  in  the  latter;  there  are  2  to  3  periods  of  stage  4  and 
4  to  5  periods  of  REM  sleep.  Also,  sleep  stage  percentage  is  reproducible  in  different 
nights,  though  it  varies  slightly  from  individual  to  individual,  and  changes  with  age;  so 
does  sleep  length  (150). 

It  has  been  speculated  that  sleep  as  part  of  a  oasic  rest-activity  cycle,  in  addition 
to  the  intrasleep  characteristics,  might  have  daytime  related  circadian  aspects.  This  hypo¬ 
thesis  was  supported  through  an  obviously  circadian  distribution  of  sleep  stages:  if  sleep 
was  interjected  into  different  tire  periods  of  the  circadian  cycle,  the  proportion  of  stage 
3  and  stage  4  sleep  decreased  from  a  maximum  in  the  early  hours  of  the  night  to  a  minimum 
between  0400  and  0800  o'clock  in  the  morning,  only  to  increase  then  again  during  the  Cay; 
REM  sleep  took  about  a  specular  course  (44,  150).  Liter  it  was  established,  however,  by 
autocorrelation  analysis  that  there  was  no  consistent  circadian  influence  on  the  duration 
of  REM  intervals  but  rather  the  REM  cycle  is  a  sleep-dependent  rhythm  hardly  related  to 
the  time  of  day  of  sleep  (106,  107). 

Sleep  displacement  into  different  segments  of  the  24-hour  cycle  modifies  prior  wakeful¬ 
ness,  sleep  onset  times  and  length  of  sleep;  these  factors,  again,  are  known  to  affect  the 
structure  of  sleep.  This  may  be  the  reason  that  the  results  from  transit,  -ridian  studies 
(42,  44,  81,  90,  104,  149),  like  those  from  shift  workers  or  sleep  inve-sion  in  the  labora¬ 
tory  (36,  47,  90,  145,  150,  152, 156) arc  not  very  consistent.(An  example  from  own  investi¬ 
gations  is  presented  in  Figure  12.) 
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Figure  12:  Sleep  structure  after  an  east- 
bound  flight  (60  years  old 
woman) . 


The  attempt  to  compile  the  findings  reads  as 

follows: 

-  Delay  to  sleep  is  often  shortened  if  prior 
wakefulness  was  long  and  stressful;  it  was 
more  consistently  observed  during  the  first 
postflight  night  and  after  eastward  time 
shift*  later,  sleep  latency  may  be  prolonged: 

-  ..wakenings  and  transitions  between  sleep 
stages  occur  more  often;  the  increase  in 
awake  time  may  cause  a  reduction  in  total 
sleep  time,  ir.  particular,  if  time  in  bed 
is  limited  by  programmed  work-rest  sche¬ 
dules; 

-  delay  to  the  first  REM  period  is  often  re¬ 
duced,  REM  sleep  occurs  ealier; 

-  duration  of  REM  sleep  may  be  reduced,  this 
was  reported  after  delay  and  advance  shifts 
(west-bound  and  east-bound  transportation) ; 
but  alsc,  an  increase  of  REM  sleep  was  re¬ 
corded  after  advance  shifts; 

-  duration  of  stage  3  and  stage  4  sleep 
occasionally  was  increased;  this,  again, 
was  demonstrated  more  consistently  for  east- 
bound  transportation,  and  for  the  first 
postflight  period  which  is  particularly  af¬ 
fected  by  the  stress  and  fatigue  of  flying. 

-  sleep  structure  seems  to  adapt  fast  to 
shifts  of  the  environmental  time  cues;  in 
general,  it  normalizes  within  a  few  days. 


POST-TRANSMERIDIAN  RE-ENTRAINMENT 

Synchronization  of  circadian  rhythms  in  man  occurs  to  a  high  degree  under  the  influence 
of  social  time  cues.  During  night  and  shift  work,  environmental  and  social  synchronizers 
diverge;  this  seems  to  be  one  reason,  why  night-  and  shiftworkers  often  are  in  a  con¬ 
tinuous  state  of  circadian  desynchronization.  Transmeridi3n  flights  favour  re-entrainment 
of  biological  rhythms  since  all  components  of  the  temporal  environment  are  shifted  at  once. 
Nevertheless,  does  it  take  days  to  weeks  before  the  biological  timing  system  is  complete¬ 
ly  re-adjusted.  The  rate  of  resynchronization  is  affected  by  flight  direction,  is  diver¬ 
gent  between  physiological  rhythms,  depends  on  the  characteristics  of  time  cues,  and  may 
be  different  between  individuals. 


Circadian  Asymmetry 

In  an  early  study  (77)  on  75  aircrew  members  flying  transatlantic  shuttle,  subjective 
estimations  of  ioad  as  well  as  objectively  measured  changes  in  psycho-physiological  vari¬ 
ables  were  more  pronounced  after  east-bound  flights  than  after  flights  in  west-bound  di¬ 
rection.  A  higher  number  of  flight  lags  contributed  to  the  results  in  the  expected  manner  but 
did  not  affect  the  outcome  with  respect  to  flight  direction.  However,  since  west-bound 
flights,  always,  were  outgoing  and  day  flights,  eastward  flights,  always, homegoing  and 
night  flights,  and  in  addition,  layover  times  nad  been  30  hours,  only,  the  results  could 
hardly  be  conclusively  associated  with  the  direction  of  tine  shift. 

Later,  it  became  obvious  that  retardation  and  acceleration  of  the  "internal  clocks" 
occur  with  different  speed:  Nearly  all  flight  experiments  indicated  a  faster  shift  of 
rhythms  after  east  to  west  flights  in  comparison  wit.h  west  to  east  flights  (54,  56,  60, 

65,  66,  67,  76,  93,  125,  135,  153).  Through  several  experiments  in  which  German  and  U.S.A. 
residents  served  as  subjects,  and  flights  in  both  directions  occurred  during  daytime,  we 
then,  excluded  time  of  day  of  flight  and  homegoing/outgoing  as  main  contributing  fac¬ 
tors  for  circadian  asymmetry  (Figure  13) . 

Also,  the  hypothesis  was  supported  by  experimental  results  (154)  that  a  variation 
within  _ne  length  of  the  wake  period,  as  caused  by  different  flignt  schedules,  does  not 
affect  the  course  of  de-  and  resynchronization  as  long  as  a  sleep  period  of  normal  length 
precedes  the  following  duty  period  (Figure  14):  It  was  insignificant  for  the  response  of 
the  24-hour  mean  and  for  resynchronization  of  phase  a..gles  whether  the  transmeridian 
transportation  required  a  period  of  33  hours  of  wakefulness  followed  by  9  hours  of  sleep 
(east-bound  night  flight),  or  whether  subjects  had  co  stay  awake  for  only  17.5  hours,  and 
then  slept  for  7.5  hours  before  the'  were  tested  (east-bound  day  flight). 

In  our  results  resynchronization  on  a  total  average  was  faster  by  about  50  %  following 
the  wort-bound  flight:  In  17  assessments  of  various  psycho-physiological  variables. 
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Figure  14:  Independence  of  resynchronization 
from  relative  flight  direction  and  length  of 
preceding  wake  period.  (For  further  expla¬ 
nation:  see  figures  6  and  13.) 
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Figure  13:  Resynchronization  of  phj^c 
angles  in  3  different  groups  of  subjects 
showing  circadian  asymmetry  to  be  indepen¬ 
dent  from  relative  flight  direction  and 
time  of  day  of  flight.  (Time  difference: 

6  hours,  f  -  gt  Phase  angle  difference 
between  environment  synchronizers  repre¬ 
sented  through  local  time,  ♦  ,  and  the 
biological  rhythms,  i>  ;  "o"  indicates  a 
relationship  between  the  two,  identical 
with  that  before  the  flight.) 


including  heart  rate,  body  temperature,  cate¬ 
cholamines,  17-OHCS,  and  various  mental  per¬ 
formance  tasks  (each  one  evaluated  from  8 
subjects  on  flights  in  both  directions),  re¬ 
entrainment  occurred  with  a  rate  of  88  min/day 
and  56  min/day  as  consequence  of  west-bound 
and  east-bound  transportation  respectively. 


It  was  shown  earlier  that  the  direction  of 
the  circadian  asymmetry  varies  with  the  spe¬ 
cies  and  with  the  natural  length  of  the  cir¬ 
cadian  period:  In  birds  (15)  and  in  man,  if 
the  period  length  was  shorter  than  24-hours' 
(8,  160),  resynchronization  was  faster  after 
an  advance  shift  of  time  cues  corresponding 

_ _ .  .  ,  ..  ...  to  an  eastward  transportation;  in  species 

with  pe.lod  lengths  usually  longer  than  24-hours  (including  man)  the  opposite  waitrue 
(43).  However,  for  man  there  are  remarkable  exceptions:  in  some  isolation  experiments,  re¬ 
entrainment  after  advance  shift  of  artificial  Zeitgcber,  with  80  min/dav  was  faster  thin 
after  delay  shift  with  57  min/day  (10),  even,  if  the  cl^adian  peri^  was  “njer  thaJ  2? 

th^Durciose "of 8the*«tu^"  f°Mth!  difference  to  flight  experiments,  knowledge  of 

the  purpose  of  the  study  and  strength  of  time  cues  have  been  discussed  (12). 


Antidromic  Phase  Response  and  Re-entrainment  by  Partition 


Usually  biological  rhythmo  re-entrain  by  shift  in  the  came  direction  as  the  environ¬ 
mental  Zeitgebers.  However,  several  cases  have  become  known  in  which  the  opposite  was 
true:  a  so-cailed  "antidromic-  phase  response  (61,  78).  Often  this  process  is  accom- 
panied  by  a  splitting  of  rhythms  of  different  psycho-physiological  functions,  a  "re- 
entrainment  by  partition"  (10).  This  phenomenon,  meanwhile,  was  observed  during  a  12-hours 
delay  shift  of  sleep  time  in  a  hospital  (94),  as  consequence  of  a  6-hours  advance  shift  in 

an<*  after  a  9-hours  advance  shift  following  transmeridian  flights 
8  subjects  resynchronized  body  temperature,  psychomotor  performance  and 
17-°HCS  rhythm  after  a  west-bound  flight  by  a  delay  shift;  after  eastward  transportation 
all  subjects  re-entrained  rhythm  of  performance  and  17-OHCS  by  an  advance  shift.  But, 
only,  4  subjects  did  so  with  body  temperature,  while  the  other  4  subjects  delay-shifted 
the  temperature  rhythm  in  spite  of  the  fact  that  this  meant  a  shift  across  15  hours  in¬ 
stead  of  9  hours. 


Aschoff  (9)  has  pointed  to  the  fact  that  the  probability  of  partition  occurring  seems 
to  be  greater  after  advance-shifts  (east-bound  flights)  than  after  delay-shifts  (west¬ 
bound  flights),  and  seems  to  increase  with  the  extent  of  shift  or  the  number  of  time 
zones  crossed.  We  have  speculatively  related  the  preference  of  nan  for  delay  shifting 
with  his  easier  adaptation  to  this  direction  (96).  But  free-running  cycling  due  to  weak¬ 
ness  of  Zeitgeber  has  also  been  discussed  as  possible  reason  (43). 

Best  Available  Copy 
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Figure  IS;  "Resynchronizat ion  by  partition 
in  one  group  o:  subwts  after 
an  east-bound  flight. 
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Figure  1*: 


Difference  m  rate  .if  rcsynehronl- 
za: ion  of  rhythms  after  a  rans- 
r.eruiian  flight:  internal  disso¬ 
ciation.  (For  further  explanation, 
see  figure  13.) 


Internal  Dissociation 


rhythms,  divergent  shift  rate-,  result  (Table  I ) . 

In  other  studies  on  van,  also  divergencies 
of  speed  of  resyncc.i,  m/at  ton  for  different 
functional  rhythms  f  ■••e  .,een  observed  which, 
m  general,  well  ag.e<  with  those  demonstrat¬ 
ed  by  us;  from,  these  studies,  m  addition  to 
the  classification  shown  tn  the  table,  blood 
pressure  as  well  as  urinary  solium,  calcium 
and  chloride  excretion  must  be  rated  as  fast 
adapting,  while  urinary  I'otassiun  and  scro- 
tomne  are  slow  (96,  64,  93,  9o,  102,  123, 

141,  161)  . 

However,  the  figures  luted  in  table  l 
do  not  yet  reflect  the  fact  that  rc-cntram- 
rr.ent  very  often  occurred  m  a  non-linear  way 
(75,  82),  being  faster  immediately  after 
shift  of  time  cues,  and  slower  later  on.  In 
addition,  the  extent  of  daily  shift  was  in 
relation  to  the  number  of  Mac  zones  crossed 

l.C.  .t  was  the  higher,  the  larger  the  phase  angles  difference  between  the  environmental 
and  biological  timing  systems.  (For  a  more  extensive  discussion,  see  reference  No.  5,  and 
the  section  ’Formulas  and  Models"  later  in  this  paper). 

It  is  not  clear,  yet,  what  causes  internal  dissociation.  It  has  beer,  postulated  earlier 
that  higher  nervous  processes  adapt  faster  than  vegetative  ones  to  an  abnormal  temporal 
routine  (48):  however,  we  know,  now,  that  this  is  not  generally  the  case.  For  mental  per¬ 
formance  rhythms,  also,  the  complexity  of  the  task  seems  to  be  of  importance  (66,  67,  79). 

In  addition  there  nay  be  a  ’specif tty"  in  task  variables  which  affects  the  speed  of  ro- 
synchromzation :  It  has  teen  demonstrated  (17)  that  a  higher  memory  loadcn  task  adapted 
faster  to  night  work  conditions  simulated  in  a  laboratory  and  to  time  shift  following  trar.s- 
aeridian  flights. 
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Otherwise,  in  our  results,  it  was  observed  that  those  rhythms  were  more  persistent,  i.e. 
adapted  slower,  which  under  control  conditions  had  shown  tne  higher  statistical  signifi¬ 
cance  for  the  circadian  oscillation;  in  particular,  that  was  true  for  temperature,  17- 
OHCS,  and  psychomotor  penormance.  On  the  other  hand,  the  variation  of  the  fast  entraining 
noradrenalin, rarely, ever  reached  the  level  of  statistical  significance.  In  another  study 
(4)  noradrenalin  allowed,  only,  a  poor  fit  to  a  sinus  curve,  so  that  one  gets  the  impres¬ 
sion  the  endogenous  circadian  component  of  this  hormone  is  weak  or  lacking,  at  all,  and 
variation  might  reflect,  merely,  responses  to  changes  of  the  environment.  This  could,  well, 
be  the  case  in  other  abrupt  adapting  rhythms,  also. 


Characteristics  of  Time  Cues 


Strength  of  time  cues.  For  animals  a  negative  correlation  between  the  strength  of  Zeit- 
geber  (light  intensity  or  range  of  temperature  cycling)  and  the  time  needed  for  re-entrain¬ 
ment  of  rhythms  has  been  established  (12,  43,  73).  For  man  a  similar  relation  seems  to 
exist  between  social  time  cues  and  speed  of  resynchronization  (Figure  17) :  In  a  group  of 
passengers  who  were  kept  in  the  relative  isolation  of  hotel  rooms,  time  for  95  %  completion 
of  resynchronization  of  psychomotor  performance  rhythms  was  about  50  %  longer,  on  average, 
than  in  passengers  who  were  allowed  to  leave  the  accommodations  for  outdoor  activities  every 
second  day  (19,  79,  80).  Since  both  groups  were  aware  of  preceding  time  shift  and  local  time 
the  higher  degree  of  social  contact,  related  to  the  divergent  activities,  should  be  the 
reason  for  the  differences  in  shift  rates. 
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Figure  17:  Difference  in  rate  of  resyn¬ 
chronization  of  performance 
rhythm  depending  on  mode  of  ac¬ 
tivity  .(Time  difference;  6  hours.) 


Figure  18;  Frequency  distribution  of  the 

resynchronization  time  of  psycho 
motor  performance  rhythm. 
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Food  and  drugs  as  rhythm  controlling  agents.  Earlier  endeavours  to  hasten  post-trans- 
meridian  resyncnronization  by  a  corticosteroid-like  substance  (30,  95)  or  by  a  tranquilizer 
(140)  have  failed,  so  far.  On  the  other  hand,  timing  of  food  intake,  is  among  the  social 
Zeitgebers  which  have  been  shown  to  control  circadian  variables.  In  animals,  controlled 
access  to  food  could  be  made  either  to  oppose  or  to  augment  effeccs  of  synchronization  by 
lighting  regimen  (58).  In  addition,  composition  of  food  was  found  to  have  Zeitgeber  charac¬ 
teristic  (38,  39,  99,  117).  On  these  results  "a  diet  plan  for  shift  workers  and  transmeri¬ 
dian  travellers"  war  developed  (37)  which  is  based  upon  (a)  the  chronobiotic  (=  synchro¬ 
nizing)  action  of  tea  (theophylline)  and  coffee  (caffeine) ;  (b)  the  operation  of  food  as 
a  Zeitgeber  in  a  feeding  program  with  a  prolonged  starvation  phase  (presumably  acting 
through  glycogen  depletion) ;  and  (c)  the  tendency  of  a  high  protein  meal  to  favour  synthesis 
of  catecholamines,  and  of  a  meal  high  in  carbohydrates  to  favour  the  synthesis  of  seroto- 
nine. (According  to  normal  circadian  variation,  the  first  should  be  high  during  the  active 
phase,  the  second  during  the  inactive  phase  of  the  circadian  cycle) .  Through  preflight  alter¬ 
nation  of  "feast"  days  (large  meals)  and  "fast"  days  (light  meals)  in  combination  with  food 
timing  synchronized  with  that  at  the  flight  destination,  and  programmed  intake  of  coffee  or 
tea,  an  acceleration  of  phase  shift  of  biological  rhythm  is  attempted.  On  base  of  subjective 
results  trials  with  humans  are  supposed  to  be  highly  successful  (37) .  Objective  measure¬ 
ments  taken  from  humans  living  under  the  diet  plan  have  apparently  not  been  obtained,  yet. 


Individual  Differences 


It  was  predicted  from  differences  in  subjective  sensitivity  that  25  %  to  30  *  of  the 
transmeridian  travellers  have  no  or  only  minor  difficulties  in  adjusting  to  the  sudden  dis¬ 
placement  of  external  time  cues;  about  the  same  percentage  was  estimated  not  to  adjust  at 
all  (100,  143)  .  A  figure  of  20  %  was  also  given  for  the  latter  group  from  experiences  with 
shiftworker  (24,  148) .however,  this  figure  is  considered  somewhat  conservative  since  it  is 
based  or  fficially  recognized  transferees. 

Using  ^synchronization  of  psychomotor  performance  rhythms  as  an  indicator  of  the  ease 
or  difficulty  of  time  zone  adjustment  we  have  demonstrated  (78)  individual  differences  for 
14  subjects  of  one  age  group,  objectively  (Figure  18) ;  Resynchronization  times  for  the 
west-bound  direction  distributed  in  a  range  between  1.7  and  6.0  days,  corresponding  to  a 
rate  of  shift  between  210  min/day  and  60  min/day;  travel  in  the  opposite  direction  resulted 
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in  an  accumulation  of  resynchronization  times  in  the  range  between  2.9  to  11.3  days; 
this  corresponded  to  a  rate  of  shift  of  1 2 5  min/day  to  31  min/day.  Finally,  there  were  3 
individuals  out  of  14  who  required  between  14.3  days  and  17.9  days  to  advance  shift  their 
psychomotor  performance  rhythm  across  6  hours.  With  an  average  rate  of  shift  of  22  min/ 
day  resynchronization  for  psychomotor  performance  is  so  unusually  long  that  one  could 
consider  them  to  be  examples  for  the  individuals  who  "adapt  only  with  considerable  diffi¬ 
culty".  Their  number  (22  %)  matches  well  with  the  figures  mentioned  above  for  the  group 
with  a  high  subjective  sensititivity ;  however,  it  is  remarkable  that  they  become  evident, 
only,  in  connection  with  east-bound  transportation. 

Meanwhile,  there  have  been  some  factors  identified  which  may  be  responsible  for  in¬ 
dividual  differences  in  speed  of  resynchronization. 


Characteristics  of  rhythms.  It  has  been  demonstrated  that  the  individual  resistance  to 
displace  body  temperature  rhythm,  in  response  to  a  shift  of  time  cues  in  an  isolation  uni1-, 
is  proportional  to  the  amplitude  of  rhythm  before  shift;  the  negative  correlation  between 
the  amplitude  and  the  duration  of  re-entrainment  was  higher  for  the  advance  than  for  the 
delay  shift  (163) .  This  relationship  has  been  confirmed,  recently,  for  shift  workers  after 
delay  shifts,  it  was  significant  for  oral  temperature,  urinary  17-OHCS  and  peak  expiratory 
flow  (129). 

Also  the  standard  deviation  (SD)  of  temperature  rhythm,  computed  from  measurements  on 
12  consecutive  cycles,  was  uced  for  a  stability  (low  SD) /lability  (high  SD)  characteri¬ 
zation  of  circadian  variation  (32).  Through  the  negative  correlation  between  SD  and  the 
personality  factor  "introversion"  there  was  a  relationship  established  between  stability 
and  lower  rate  of  shift,  and  lability  and  higher  shift  rate. 

Personality.  "Morning"  and  "Evening"  types  of  individuals,  and  in  a  similar  manner 
"introverts'*  and  "Extraverts",  have  been  related  with  early  and  late  peaking  in  circadian 
rhythms  (like  body  temperature,  catecholamines, and  mental  performance  and  behaviour) , and 
with  shorter  and  longer  periods  of  cycles,  respectively,  while  isolated  from  time  cues 
(3,  20,  21,  31,  46,  87,  97,  113,  114,  115). 

These  relationships  encouraged  the  hypothesis  that  ease  of  shift  of  body  rhythm  might 
depend  on  personality  factors.  It  was  supported  through  subjective  ratings  in  industrial 
shiftworkers  that  extraverts (with  longer  circadian  periods)  adapt  faster  for  about  50  * 
to  a  delay  shift  than  to  an  advance  shift  (116).  This,  again,  is  in  agreement  with  the 
more  recent  finding  that  evening  types,  as  compared  to  morning  types,  do  not  experience 
sleep  deficiency  and  tend  to  increase  duration  of  sleep  easier,  when  sleep  onset  is 
shifted  to  later  hours  (23);  on  the  other  hand,  they  sustain  sleep  latencies  ’onger  than 
in  morning  types  if  sleep  onset  is  advanced.  In  the  same  study,  a  better  ac  ability  to 
delay  shifts  was  demonstrated  for  subjects  with  a  lower  ratio  of  pulse  and  respiration 
frequency.  (For  the  significance  of  this  quotient  see  ref.  71,  72).  Also,  it  was  predicted 
from  investigations  on  industrial  workers  that  morning  types  better  cope  with  the  early 
day  shift  while  evening  types  easier  adapt  to  permanent  nigh-.:  shift  (118). 

Meanwhile,  Colquhoun  and  Folkard  (32)  found  (a)  that  the  differences  in  temperature 
rhythms  between  Introverts  and  extraverts  was  much  more  pronounced  in  the  subgroup  "neu¬ 
rotic"  subjects,  while  in  the  subgroup  "stable"  subjects  it  actually  did  not  exist,  and 
(b)  that  in  re-analyzed  figures  from  a  previous  transmeridian  flight  study  the  resynchro¬ 
nization  rate  between  the  groups  was  decreasing  in  the  following  order:  neurotic  extra¬ 
verts,  stable  extraverts,  stable  introverts  and  neurotic  introverts. 

Introverts  and  highly  "neurotic"  people  have,  also,  been  identified  as  those  who 
quit  shift  work  after  a  shorter  time  (108).  The  assumption  that  this  might  be  so,  be¬ 
cause  of  greater  difficulties  in  adjusting  to  the  abnormal  temporal  routine  is  backed  by 
the  finding  that  "neuroticism"  is  related  to  a  higher  degree  with  internal  desynchronization 
of  different  circadian  systems  if  subjects  are  isolated  fror.  external  time  cues;  the  same 
was  true  for  older  people  (161). 


Age.  It  appears,  that  older  people  subjectively  have  greater  difficulties  to  adapt  to 
changes  in  the  temporal  relationship  of  body  and  environment (24) .Thi„  could  partly  be  caused 
by  the  susceptibility  to  sleep  disturbances,  obviously,  increasing  with  age  (150  ;  see, 
also.  Figure  11).  But  age-related  differences  have,  also,  been  verified,  objectively .  In 
animals,  aging  caused  a  decrease  in  amplitude  and  a  slower  adjustment  of  temperature 
rhythm  following  a  change  in  lighting  routines  (58) .  In  man,  also,  higher  age  retarded 
phase  shift  of  temperature  rhythm  in  shiftworkers  (128)  and  of  urinary  potassium  cycling 
in  response  to  a  simulated  delay  shift  of  time  cues  (140).  Wever  (161),  in  his  study 
mentioned  above,  did  not  only  demonstrate  a  higher  rate  of  internal  desynchronization  of 
older  people  in  a  time  cue  free  environment  but  also,  speculatively,  established  a 
"threshold  age"  of  about  40  years  from  which  on  the  tendency  to  a  "decoupling"  of  rhythms 
might  significantly  increase.  It  seems,  however,  that  this  phenomenon  like  some  other  age 
effects  described  needs  confirmation  through  more  studies  with  higher  numbers  of  obser¬ 
vations. 
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EFFECTS  OF  REPETITIVE  DESYNCHRONIZATION 

Shifts  in  the  temporal  reference  of  the  environment  give  rise  for  external  desyncho- 
nization  and  internal  dissociation  of  circadian  systems  which  may  continue  for  days  or 
weeks,  depending  on  the  circumstances.  In  workers  on  rotating  and  night  shifts,  or  in 
aircrews  on  long-haul  transmeridian  routes  it  might  become  kind  of  a  permanent  state  for 
prolonged  time  periods.  Therefore,  it  is  only  consequent  to  deal  with  the  question  of 
psycho-physiologic  long-term  effects  of  repetitive  circadian  desynchronization  under  the 
topic  of  this  paper. 


First  of  all,  there  have  been  some  studies  published  from  Insects  and  rcdents  (13,  58, 
59,  70,  119)  in  which  shifts  of  lighting  regimen  varying  in  extent,  direction  and  pattern 
.repetition  were  introduced  and  resulting  changes  of  longevity  or  life  span  measured.  The 
results  were  not  consistent,  and  somewhat  surprising:  Some  experimental  conditions  caused 
significant  reduction  of  life  span,  others  no  effect,  or  even  prolongation.  Speculative¬ 
ly,  it  was  concluded  that  age  of  introduction  of  repeated  shift  regimen  (earlier  in  life 
better  than  later) ,  pattern  of  shifting  (twice  a  week  better  than  weekly) ,  or  inhibition 
of  maturing  processes  could  be  responsible  for  the  fact  that  repeated  schedule  shifts 
were  harmless,  life-shortening  or  even  life-lengthening.  Considering  the  extremity  of 
these  experiments  one  must  conclude  that  animal  research,  so  far,  has  not  been  vc*.y  nelp- 
ful  in  defining  or  predicting  chronic  desynchronization  effects  in  man. 

The  extensive  information  available  from  shiftwork  has  been  repeatedly  reviewed  in 
recent  years,  (1,  3,  5,  24,  34,  89,  101,  132,  144,  146,  147,  148).  It  has  betr>  considered 
to  be  rather  inconclusive,  the  reason  being  a  selection  process  involved  in  the  recruit¬ 
ment  or  retaining  of  shiftwe-kers.  In  brief,  the  results  can  be  summarized  as  follows. 

In  shiftworkers  as  compared  to  dayworkors  there  is 

-  an  abnormal  frequency  of  sleep  problems; 

-  more  often  tiredness,  restlessness,  and  minor  nervous  disturbances  of  transitory 
character; 

-  a  higher  number  of  digestive  problems  and  gastro-intestinal  disturbances  (reported  in 
some  studies,  only); 

-  both,  lower  and  higher  absenteeism; 

-  no  higher  mortal! *—  rate. 

The  most  recent  investigations  found  out  that  most  of  the  disturbances  associated  with 
shiftwork 

-  had  come  into  existence  in  the  early  periods  of  shiftwork; 

-  developed  in  predisposed  individuals  who  often  had  shown  indications  of  a  similar 
symptomatology  (sleep  complaints,  sensitivity  tc  noise,  gastro-intestinal  irritability) 
before  commencing  shiftwork; 

-  were  reduced,  and  well-being  increased  in  "drop-outs"  from  shiftwork. 


Some  authors  believe  that  statistics  underestimate  the  problem  because  individuals  un¬ 
able  to  cope  with  shiftwork  transfer  to  day  work  (self-selection),  and  conclude  that  shift¬ 
work  is  a  risk  factor  for  predisposed  individuals.  They, also,  propose  to  exclude  those  in¬ 
dividuals  from  irregular  working  pattern  who  anamnestically  indicate  a  disposition  for 
sleep  disturbance,  digestive  and  intestine  problems,  and  other  symptoms  of  psychosomatic 
disorder. 

Questionnaire  studies  in  aircrews  report,  also,  on  a  high  incidence  of  sleep  distur¬ 
bances  and  gastro-intestine  symptomatology  (27,  93).  However,  health  surveys  did  often  fail 
to  confirm,  objectively,  psychosomatic  diseases  to  be  a  major  factor  for  grounding  or  to 
deviate  significantly  in  rate  from  a  general  population;  they, also, did  not  discover  sick¬ 
ness  trends  attributable  to  irregular  work  patterns  or  rhythm  disruption  (2,  18,  22,  120). 
One  is  inclined  to  assume  that  the  difference  to  the  industrial  shiftwork  situation  could 
be  due  to  the  intense  medical  preselection  ;f  the  aircrew  population.  Nevertheless,  a 
specific  screening  procedure  able  to  predict  an  individual's  aptitude  to  cope  with  irregular 
work/rest  schedules  might  still  reduce  the  number  and  intensity  of  short-  and  long-term 
disturbances. 


CONCLUSIONS  AND  RECOMMENDATIONS 


Since  air  operations  occu:  around  the  clock  and  over  many  time  zones  they  interfere  with 
the  synchronization  of  the  environmental  and  biological  circadian  timing  systems.  Subjec¬ 
tively,  the  post-transmerldian  desynchronization  nay  become  manifest  in  a  disturbance  of 
those  vegetative  functions  which  like  hunger,  wakefulness  and  sleepiness,  and  evacuation 
of  Intestines  are  strongly  daytime-related:  They  appear  at  unusual  and  unconvenient  hours. 
Objectively,  the  "jet  lag  phonon*  nor.”  1*=  characterized  through  transient  changes  of  the  cir¬ 
cadian  oscillation  of  body  function-:,  the  most  significant  of  which  are:  displacement  of 
rhythm  on  the  temporal  axis,  change  in  the  oscillation  range,  and  alteration  of  the 
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24-hour  mean.  For  mental  and  physical  performance  rhythms  these  changes  mean  lower 
functional  values  -  i.e.  a  depression  of  the  "readiness  for  efficiency"  -  at  certain 
sections  of  the  24-hour  cycle,  and  sometimes  higher  functional  values  at  other  day¬ 
times.  Where  the  readiness  for  efficiency  is  degraded,  preflight  performance  level,  if 
at  all,  may  be  obtained,  only,  with  extra  effort  and  higher  physiological  costs. 

The  following  factors  have  been  identified  to  affect  the  speed  of  re-entrainment 
(normalization)  of  biological  rhythms:  direction  of  flight,  nature  of  function,  charac¬ 
teristic  of  time  cues,  and  individual  features  like  personality  and  age.  Moreover,  it 
was  demonstrated,  objectively,  that  rapid  return  to  the  home  base  minimizes  the  disad¬ 
vantageous  effects  of  time  zone  flights  because  of  shorter  resynchronization  times. 

Long-termed  professional  activity  on  transmeridian  routes,  subjectively,  may  cause  a 
higher  incidence  of  sleep  problems,  nervous  disturbances,  and  gastro-intestine  complaints, 
particularly,  in  female  crew  members.  Objectively,  however,  the  rate  of  psychomatic  di¬ 
seases  show  no  ''.eviation  from  general  population  and  seem  to  be  n^  major  factor  for  ground¬ 
ing;  in  addition,  health  surveys,  so  far,  do  not  demonstrate  sickness  trends  attributable 
to  irregular  working  pattern  or  rhythm  disruption.  This  seems  to  be  different  from  the 
industrial  shiftwork  situation;  the  reason  must  be  seen  in  the  intense  medical/psycholo¬ 
gical  preselection  and  supervision  of  the  aircrew  population. 

The  present  state  of  knowledge  allows  to  give  the  following  recommendations  for  the 
different  parties  engaged  in  transmeridian  air  transport  operations. 

-  Passengers  whose  goal  it  is  to  hasten  circadian  resynchronization  should  shift  the 
rest/activity  cycle,  in  particular  the  timing  of  sleep  and  meals,  to  local  conditions 
immediately  after  arrival  at  the  final  destination.  They  should  relaxe  for  the  first 
24-hours,  but  otherwise  make  sure  not  to  isolate  from  environmental  time  cues.  Sufficient 
(extended)  sleep  during  the  first  night  seems  essential;  if  necessary,  this  goal  should 
be  obtained  through  a  hypnotic.  Where  it  is  possible,  preadjustment  by  timing  of  sleep 
and  meals  before  the  flight  can  be  helpful;  this  must  be  done,  of  course,  in  relation 

to  the  expected  time  shift. 

-  Aircrews,  aiming  to  avoid  time  zone  adjustment,  should  try  to  stay  on  home  base  pattern 
while  on  route  and  use  any  chance  for  sleep  through  naps  and  ever,  short  acting  hypnotics; 
however,  intake  of  sleeping  aids  should  not  be  later  than  12  hours  before  duty.  Since 
night  flying  and  irregular  rest/activity  pattern  require  extra  effort  one  should  keep 
away  from  additional  stress.  After  return  to  the  home  base  it  is  essential  to  utilize 
off-duty  time  suff<ciently  for  re3t  and  recreation. 

-  The  management,  engaged  in  keeping  flight  safety  at  maximum  level,  should  take  any  pains 
to  provide  accommodations  permitting  crews  on  route  to  stay  on  home  base  pattern.  As  far 
as  possible,  schedules  should  be  arranged  for  a  rapid  return  to  the  home  base;  at  home 
extended  rest  periods  should  be  granted  to  allow  biological  rhythms  to  synchronize  with 
the  environment,  again.  Since  irregular  patterns  seem  to  become  more  stressful  with  age, 
transmeridian  flying  should  be  reduced  for  crews  above  50  years.  Posting  air  crews 
overseas  has  been  an  elegant  solution  for  most  of  the  medical  problems  arising  from  time 
zone  flying;  its  abolition  was  medically  unwise. 

-  Flight  surgeons,  responsible  for  preservation  of  health  and  efficiency,  shou'  i  exclude 
from  long-termed  activity  on  transmeridian  routes  individuals  with  dispostioi  for  sleep 
disturbances,  gastro-intestine  disorders  ar.d  other  psychosomatic  complaints. 

-  Investigators,  searching  to  improve  the  overall  situation,  should  try  to  develop  ob¬ 
jective  criteria  for  selection  of  individuals  fit  for  duty  with  irregular  re1  t/activity 
patterns,  as  in  shiftwork  and  in  flying  on  transmeridian  rouces. 


t 
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Realizing  the  fact  that  circadian  rhythms  in  air  operations  may  well  have  impact  upon 
flight  crew  efficiency  and  therefore  flight  safety  in  general,  several  attempts  have  been 
made  to  assess  the  effects  in  computable  forms  and  incorporate  them  into  formulas  of  a 
broader  validity.  Basing  on  data  from  field  studies,  the  formulas  so  far  developed  are 
covering  such  factors  as  resynchronization  time  (82,  135),  rest  period  time  (26,  49,  139), 
the  potential  physiologic  load  (103),  and  the  optimal  or  maximal  workload  (111).  A  brief 
description  of  the  various  formulas  will  be  given  in  the  following  sections. 


Assessing  resynchronization  time.  Derived  from  several  studies  in  our  own  laboratory 
(82)  a  concept  was  developed  which  allows  to  appraise  the  average  resynchroni ration  time 
for  several  days  after  arrival  in  a  new  time  zone.  Basing  on  the  findings  that  the  course 
of  adaption  is  not  linear  and  re-entrainment  occurs  in  relation  to  the  number  of  time 
zones  crossed  the  resyuchronization  rate  is  computed  as  follows:  50  %  of  the  difference 

in  pre-  and  postflight  local  time  takes  place  within  36  to  48  hours  after  arrival;  again 

50  t  of  the  residual  difference  is  shifted  within  the  following  48  hours;  the  snroe  applies 
to  the  next  two  days,  and  so  on.  As  an  example,  after  a  flight  over  6  time  zone:-,  cir¬ 
cadian  rhythm  has  shifted  50  %  or  3  hours  on  the  second  day,  75  %  or  4.5  hours  on  the 

fourth  day,  and  on  the  sixth  day  after  arrival,  88.5  %  or  5.25  hours. 


This,  of  course,  is  not  an  exact  estimation  of  the  resynchronization  time,  but  rather 
a  rough  approximation,  a  "rule-of-thumb*  so  to  say.  To  develop  a  formula  which  is  more 
precise  and  at  the  same  time  remains  generally  valid  will  be  difficult  .This  is  no  sur¬ 
prising  considering  the  great  variety  of  resynchronization  times  with  respect  to  the 
differences  existing  in  individuals,  body  functions  and  flight  directions.  For  scheduling 
transmeridian  air  operations,  however,  the  formula  offers  a  reasonable  compromise  of 
sufficient  precision  and  easy  applicability.  Its  great  advantage  is  that  it  is  based  on 
a  considerable  amount  of  experimental  data  and  that  it  covers  not  only  physiological 
functions,  but  also  performance  rhythms. 


Basing  on  results  from  field  studies  on  body  temperature  rhythms  after  air  travels, 
Sasaki  (135)  conceived  a  model  which  also  permits  an  estimation  of  the  resynchronization 
status  in  dependence  on  the  time  spent  in  a  new  time  zone.  In  accordance  with  our  find¬ 
ings,  his  data  revealed  evidence  that  resynchronization  does  not  proceed  linearly,  but 
rather  asymptomatically.  Under  the  assumption  that  the  rate  of  resynchronization  is  pro¬ 
portional  to  the  number  of  traversed  time  zones,  a  differential  equation  is  derived.  Its 
solution  for  the  condition  that  the  traveller  remains  at  the  same  location,  as  is  the 
case  for  stopovers  or  for  arrival  at  the  destination,  provides  a  relative  simple  model, 
combining  exponential  and  constant  components.  The  advantage  of  this  formula  lies  in  its 
convenience  and  in  its  feature  to  permit  a  prediction  of  the  resynchronization  status 
any  time  after  arrival.  It  has,  however,  also  one  great  disadvantage:  It  needs  the 
empirical  estimation  of  the  time  constant,  which  may  considerably  differ  between  indivi¬ 
duals  and  between  variables.  Though  derived  from  temperature  studies  only,  the  model  may 
also  be  applied  to  performance  rhythms,  as  tested  in  our  laboratory  by  comparison  of  the 
predicted  resynchronization  rates  with  those  actually  measured. 


Computing  length  of  re3t  period.  Buley’s  formula  (26)  for  determining  rest  periods  on 
long-distance  air  travel  considers  (in  addition  to  circadian  rhythmicity)  several  factors 
as  significant  for  the  physiological  and  psychological  state  of  the  air  traveller  after 
arrival.  Those  which  are  available  for  computation  are  included  in  his  model:  flight 
duration,  local  times  of  departure  and  arrival,  and  time  zone  translocation  in  excess  of 
4.  It  is  obvious  that  by  insertion  of  departure  and  arrival  time,  as  well  as  number  of 
time  zones,  circadian  rhythmicity  gains  some  weighting  in  this  formula.  In  part  it  was 
derived  from  earlier  studies  (139)  and  in  its  improved  form  was  applied  to  long-distance 
air  travels  by  members  of  ICAO.  As  it  has  evolved  the  equation  i*-  Rest  period  =  Flight 
duration/2  +  Time  zones  in  excess  of  4  +  Departure  time  coefficient  +  Arrival  time  co¬ 
efficient;  or  in  symbolic  form:  R  *  6T/2  ♦  ( 2— 4 )  +  CQ  +  Cft. 

The  coefficients  are  defined  by  dividing  the  24-hours  day  in  5  sections  and  scoring 
them  by  numbers  from  0  to  4  depending  on  their  expected  fatiguing  effects.  The  validity 
of  the  formula  has  been  tested  by  routine  application,  and  the  results  were  regarded  as 
satisfactory.  However,  it  has  to  be  mentioned  that  its  applicability  cannot  be  extended 
on  air  crew  scheduling,  but  rather  remains  restricted  to  the  business  traveller. 

On  the  basis  of  the  Buley's  formula,  Gerathewohl  (49)  developed  "a  simple  calculator 
for  determining  the  physiological  rest  period  after  jet  flights  Involving  time  zone 
shifts".  The  underlying  formula  includes,  in  addition,  to  the  components  of  the  ICAO 
modal,  three  more  factors:  the  age  factor,  the  flight  direction  (east-bound  versus  west- 
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bound  displacement) ,  and  also  traversed  time  zones  less  than  four.  The  extended  formula 
reads:  Rest  period  ■  Travel  time  (in  hours)  +  Departure  time  coefficient  +  Number  of  time 
zones  +  Arrival  time  coefficient  +  Geodirectional  coefficient  +  Age  coefficient;  or  re¬ 
duced  to  the  symbolic  from;  R  =  T  +  +  Ntz  +  +  Gc  +  Aj,. 

The  geodirectional  coefficient  takes  into  account  the  different  resynchronizstion. 
rates  observed  between  east-  and  west-bound  flights.  Hence,  travelling  from  West  to  East 
contributes  twice  as  many  credit  points  to  the  summation.  The  age  coefficient  ranges 
from  1  to  4. corresponding  to  classification  with  increasing  age.  Credit  for  time  shifts 
is  already  given  with  1  time  zone  crossed  and  then  "is  graded  as  a  cyclic  function"  with 
more  time  zones  added. 


Estimating  physiologic  load.  A  completely  different  approach  was  chosen  by  Mohler (103)  in 
1976.  Utilizing  the  data  which  he  derived  from  airline  pilots  on  world  flights,  he  de¬ 
veloped  a  multiplicative  and  additive  formula  resulting  in  a  "physiological  index"  giving 
the  predicted  overall  pattern  level  of  difficulty  and  pointing  to  critical  segments  with¬ 
in  the  pattern.  The  purpose  of  this  index  was  to  serve  as  an  aid  in  constructing  flight 
patterns,  indicating  to  the  constructors  when  a  pattern  or  segment  has  the  potential  of 
imposing  high  physiological  loads.  As  major  critical  tiring  factors  in  long-distance 
flights  the  following  are  inclided  in  the  formula  a)  multiple  night  flights  (necessitating 
day  sleep),  b)  number  of  time  2 ones  traversed,  and  c'  layovers  after  an  evening  arrival. 
Multiple  transits,  pattern  in  excess  of  7  days,  flights  in  an  easterly  direction  and 
the  first  flight  of  a  pattern  are  also  considered  significant  enough  to  contribute  to  the 
computation  of  the  index.  Th*  calculation  procedure  is  performed  in  7  steps,  each  with 
many  detailed  conditions.  Thus,  a  condensation  to  a  simple  symbolic  form  appears  rather 
difficult,  though,  no  doubt,  the  computation  per  se  can  easily  be  handled.  As  preliminary 
criteria  for  the  grade  of  load,  values  are  given  reflecting,  easy,  heavy,  and  definitely 
severe  indices.  For  a  general  application,  there  may  be  some  hesitation  remembering  the 
fact  that  the  baselines  of  this  model  wore  derived  from  very  specific  airline  flight 
patterns  with  many  segments.  Thus,  when  applying  the  formula,  for  instance,  to  a  rapid 
round  trip  between  Frankfurt  and  Los  Angeles,  the  resulting  index  did  not  reflect  satis¬ 
factorily  the  high  load  on  the  crew  of  such  a  flight.  This  consideration  does  not 
question  the  validity  of  the  model  for  other  patterns.  On  the  contrary,  it  may  be  seen  as 
a  start  in  the  right  direction  and  as  a  promising  step  in  quantifying  factors  contributing 
to  fatigue  which  otherwise  are  neglected  or  under-emphasized. 


Defining  optimal  (maximal)  workload.  Nicholson  {  111  )  has  developed  an  approach  to 
quantify  optimal  and  maximal  workload  to-  flight  patterns  including  several  segments  and 
for  aircrews  operating  world-wide.  The  workload  is  obtained  from  the  duty  periods  and  the 
number  of  days  on  route,  time  zones  remain  unregarded.  Optimum  workload  is  defined  as  the 
cumulated  duty  hours  for  days  on  route  above  which  sleep  difficulties  may  be  encountered; 
maximum  workload  is  reached  when  cumulated  duty  hours  do  not  allow  acceptable  sleep  pat¬ 
terns.  Nicholson  claims  that  during  world-wide  flights  many  factors  may  affect  well  being 
and  efficiency  of  aircrew,  but  that  of  prime  importance  is  the  maintenance  of  an  accept¬ 
able  sleep  pattern  which  can  be  achieved,  only,  through  an  appropriate  timing  of  duty 
periods.  In  his  formula,  calculation  of  workload  is  given  by  (number  of  days  on  route  +  1) 
times  average  duty  hours  per  day.  Thus,  for  flight  patterns  with  several  days  on  route, 
a  table  is  derived  indicating  optimum  and  maximum  of  the  accumulated  duty  hours  for  each 
day  of  the  tour.  As  Nicholson  pointed  out,  the  effects  of  irregular  duty  hou-s  and  time 
zone  changes  received  sufficient  weighting  in  his  formula  as  reflected  by  the  reduction 
of  the  average  workload  for  the  whole  tour  with  increasing  duration. 


Rest/Duty  Regulations 

Constructors  of  flight  patterns  are  basically  confronted  with  two  aspects  of  the  in¬ 
volvement  of  circadian  rhythms  in  air  operations.  Simply,  they  may  be  called:  shifted 
work  and  shifted  time.  The  first  aspect  implies  flight  duty  to  be  performed  at  abnormal 
daytimes  within  the  24-hour  rest/activity  cycle.  The  second  aspect  must  be  considered, 
when  flight  patterns  include  transmeridian  routes. 


There  is  general  agreement  that  flying  at  unusual  daytimes  is  more  stressing  than 
doing  the  same  operations  during  normal  hours,  and  probably  there  are  no  rest/duty  re¬ 
gulations,  issued  by  airlines  or  legislators,  which  do  not  take  into  account  that  this 
is  one  of  the  major  fatiguing  factors.  To  compensate  for  its  impairing  effects,  all 
official  regulations  principally  have  incorporated  the  same  expedients:  reduction  of 
flight  duty  hours,  elongation  of  the  subsequent  rest  period,  and  limitation  of  the  number 
of  night  flights. 

Some  disagreement  only  exists' in  defining  night  flights,  i.e.  in  stipulating  what  is 
the  beginning  and  what  is  the  end  of  the  night,  or  hew  many  flight  hours  have  to  be  spent 
during  night  so  that  the  flight  will  be  conceded  as  night  duty  time.  There  are  also  minor 
divergencies  where  the  24-hour  period  is  divided  into  sections  and  gradually  differentiated 
with  respect  to  causing  sore  or  less  fatigue.  Thus,  the  number  of  sections  may  differ  be¬ 
tween  some  regulations,  amounting  from  2  to  5  per  day,  and  a  time  period  between  22.00  and 
24.00  hour  may  count  as  most  fatiguing,  whereas  according  to  other  regulations  the  most 


difflcr.lt  time  starts  not  before  24.00  hour.  As  stated  above,  all  these  differences  are 
minor  and  to  rot  question  the  general  acceptance  cf  circadian  rhythmicity  as  a  factor 
potentially  influencing  performance  and  efficiency  when  operations  are  conducted  as  nighb- 
or  shiftwork.  The  literature  on  rest/duty  regulations,  so  feu:  available,  encourages  to 
the  conclusion  that  this  aspect  is  taken  seriously  and  is  sufficiently  considered. 

In  view  of  this  fact,  it  seems  somewhat  surprising  that  only  few  of  the  national  and 
international  rest/duty  regulations,  presently  in  force,  seem  to  cover  the  aspect  of  cir¬ 
cadian  rhythmicity  specifically  evolving  from  operations  on  transmeridian  routes.  There 
are  some  reasons,  however,  conceivably  responsible  for  this  denial.  First,  considering 
the  enormous  variety  of  flight  schedules  and  routes  all  over  the  world,  it  becomes  obvious 
that  a  regulation  satisfying  the  need  for  practicality  and  the  demand  for  general  validity 
appears  rather  difficult  to  develop.  Secondly,  regulations  reflect  a  compromise  regarding 
ihe  various  and  sometimes  divergent  interests  of  the  parties  involved.  Third,  there  is  not 
yet  unanimity  among  experts  as  to  the  extent  these  factors  may  touch  flight  safety  through 
impairing  crew  efficiency. 

Tc  give  an  example,  how  the  aspect  of  circadian  rhythmicity  in  transmeridian  operatic ns 
is  incorporated  into  legislation,  the  German  rest/duty  regulations  are  cited  (6) . 

As  a  general  rule  for  flight  crews  on  transmeridian  routes,  the  regulations  imply  that 
resynchrcnization  to  new  time  zone  must  not  be  enforced  but  instead  aircrews  return  as 
fast  as  possible  to  their  home  base.  This  applies  only  on  the  premises  that  sufficient 
rest  time  is  provided  within  each  24-hour  period  away  from  home.  To  prevent  sleep  deficits, 
14  hours  rest  time  are  considered  the  minimum  under  these  conditions,  and  the  operator  is 
obliged  to  supply  quarters  which  can  be  shielded  from  light  and  noise  during  local  day¬ 
light  hours.  Upor  returning  to  home  base,  the  minimum  rest  period  will  be  extended,  if  one 
or  more  flight  segments  have  been  spent  in  time  zones  differing  from  home  base  by  4  or 
more  hours.  The  minimum  rest  period  required  by  regulation,  will  then  be  calculated  by 
multiplying  the  largest  time  zone  difference  while  on  duty  with  the  factor  8.  Thus,  if 
the  largest  difference  has  been  6,  for  instance,  the  minimum  rest  period  will  be  6  x  8  « 

48  hours ;or  with  the  largest  difference  being  12  time  zones,  the  rest  period  requires 
12  x  8  =  96  hours.  The  factor  is,  primarily,  established  on  findings  with  respect  to  re¬ 
synchronization  times;  based  on  body  temperature  rhythm  it  allows  normalization  of  cir¬ 
cadian  system  of  at  leant  50  »  at  the  home  base.  Beginning  a  new  duty  period  the  con¬ 
ditions  with  respect  to  residual  desynchronization  is  almost  equal  and  practically  inde¬ 
pendent  of  the  number  of  time  zones  crossed  before.  In  applying  these  principles,  the 
regulations  pursue  the  following  objectives; 


1 .  to  keep  shifting  of  circadian  rhythms  at  a  minimum  while  on  duty  in  tine  zones 
different  from  home  base; 

2.  to  grant  a  rest  time  upon  return  with  sufficient  resynchronization  of  the  bio¬ 
logical  timing  system  to  start  duty  again. 
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RESUME. 

Cette  revue  des  notions  actuelles  sur  les  psychostimulants  dAbute  par  un  apergu  historique  et  gAogra- 
phique. 

Les  donnAes  sur  les  bases  neuro-chimiques  de  la  vigilance  sont  ensuite  abordAes  en  distinguant  le  dif¬ 
ferents  systAmes  de  mAdiateurs  impliquAs  dans  la  conduction  synaptique. 

La  raAthodologie  des  essais  thArapeutiques  pnrtant  sur  les  psychotn^es  est  ensuite  abordAe,  et  suivie 
de  1' etude  des  effets  observes  lors  de  1 'utilisation  des  differents  types  de  produits  disponibles  :  noo- 
analeptiques,  nootropes,  thymoanaleptiques  et  adjuvants  metaboliques. 

Aprts  avoir  tente  d'iiitegrer  ces  donnees  A  un  modeie  general  de  la  vigilance  faisant  intervenir  les 
concepts  de  capacite  de  traitement  et  de  filtrage,  1 ‘article  conclue  par  les  indications  et  contre-indi- 
cations  de  1 'usage  des  psychostimulants. 

1  -  INTRODUCTION  HISTORIQUE. 

La  recherche  de  moyens  artificiels  pour  ameiiorer  les  performances  de  1'honne  est  un  phenomene  que 
l'on  retrouve  dans  toutes  les  cultures.  A  1‘origine,  elle  relAve  de  1 'herboristerie  empirique,  la  consom- 
mation  de  certaines  plantes  s'accompagnant  d 'effets  jugAs  favorables,  celles-ci  sont  retenus  com*  utiles. 
Plus  tard,  au  cours  du  191Ame  siAcle,  les  dAvel  opponents  de  ia  chimie  ont  conduit  4  Vextractlon  des  prin* 
cipes  actifs  puis  A  1'Atude  de  leur  structure  chimique  et  enfin  A  leur  synthAse. 

1.1  -  On  peut  schAmatiquement  classer  les  stimulants  naturels  en  grandes  categories  : 

-  La  cafAlne. 

Son  usage  est  universellement  rApandu,  on  la  trouve  dans  le  the,  dans  Taire  de  culture  chi- 
noise,  dans  le  cafe  qui  voit  son  origine  en  Abyssinie  la  noix  de  Cola  en  Afrique,  la  Guarana  et  le  Mate 
en  Amazonie.  Sous  forme  de  cafe  et  the,  son  usage  s'est  repandu  en  Europe  au  16ieme  siecle.  La  synthese 
de  la  cafeine  a  ete  real i see  en  1820. 

-  Le  tabac. 

Originaire  du  Mexique  et  utilise  pour  les  ceremonies  sacrAes,  il  a  ete  introduit  en  Europe 
apris  la  decouverte  du  Nouveau  Monde  ou  on  1'utilisa  A  l'orlgine  come  therapeutique.  Son  principe  actif 
est  la  nicotine. 

-  L'arec  ou  betel. 

Son  usage  se  circonscrit  A  l'Asie  du  Sud-Est.  La  noix  d'Arec  contient  un  alcaloTde  :  l'Are- 

coline. 

-  L'alcool. 

Bien  que  ses  effets  A  forte  dose  soient  plutflt  depresseurs,  il  joue  Agalement  un  rOle  acti- 
vant  par  levee  des  inhibitions,  son  usage  est  Agalement  tr6s  general. 

-  Le  coca. 

S'est  la  plante  divine  de  1 'empire  Inca,  chiquee,  elle  permettait  de  vaincre  la  fatigue  et 
d'eiiminer  la  faim.  Son  principe  actif  est  la  cocaTne  synthet1s6e  en  1855.  Son  usage  a  ete  popularise 
par  BENTLEY  puis  FREUD  qui  en  fit  l'apologie. 

A  ces  stimulants  propres  au  systAme  nerveux,  il  convient  d’ajouter  l'EPHEDRINE  synthAtisAe  en  1885 
par  NAGAI  et  XANAO,  qui  s'etaient  1nt6ress6s  A  1 'extrait  vegetal  de  1 'ephedra  repute  en  medecine  tradi- 
tlonnelle  chinoise  pour  son  effet  stimulant  respiratoire  et  cardiaque.  Derivant  de  ce  produit,  toute 
une  lignee  a  vu  le  jour  avec  1 'Adrenaline  en  1901,  puis  l'Anphetamine  en  1931. 

1.2  -  Depuis  plusicurs  annees,  divers  produits  ont  ete  reconnus  pour  un  effet  psychostimulant  paral¬ 
lel  A  celui  de  leur  destination  premiere  :  l'exemple  de  l’lproniazide  classique.  il  s'agit  A  l’orlgine 
d'un  antituberculeux  qui  se  reveia  des  1952  posseder  une  action  anti depressive. 

Depuis,  de  nombreuses  molecules  ont  ete  AtudiAes,  parfois  sans  hypothese,  pour  rechercher  empirique- 
ment  leurs  proprietes  psychotropes  Aventuelles. 

A  ces  recherches  empiriques  s'ajoute  maintenant  une  approche  thAorique  A  vis6e  explicative  :  la  neu- 
rochimie  que  nous  envisagerons  d'abord  sous  son  aspect  le  plus  general,  avec  les  mAcanismes  de  la  trans¬ 
mission  synaptique,  puis  plus  spAcifiquement  en  abordant  les  differents  systAmes  qui  peuvent  rendre  comp- 
te  des  effets  stimulants  des  produits. 


2  -  RAPPEL  DE  NEUR0CH1M1E. 

2.1  -  La  transmission  synaptique. 

On  sait  que  le  systtme  nerveux  est  constituA  d'un  rAseau  de  cellules  appelAes  neurones,  spAcialisAes 
dans  la  gAnAraticsi  et  la  conduction  d'un  phAnomAne  Alectrique  :  l'influx  nerveux.  l  'existence  de  ce  rA¬ 
seau  implique  celle  de  communication  entre  ces  neurones.  Dans  l'iawense  majoritA  des  cas,  celle-ci  ne 
s'effectue  pas  A  l'aided'une  conduction  par  contiguTtA  du  potentiel  Alectrique,  mais  par  l'intermAdiaire 
de  corps  chimiques  secrAtAs  par  la  cellule  amont  excitant  la  cellule  situAe  en  aval. 

On  appelle  synapse  la  rAgion  qui  regroupe  les  parties  de  ces  neurones  contigus  :  termination  de  l'a- 
xone,  bouton  dendrltique  et  1'espace  qui  les  sApare. 
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L'examen  au  microscope  Alectronlque  a  penal s  de  raettre  en  Evidence  de  petltes  vAsIcules  dans  les  ter- 
mlnalsons  axoniques,  et  des  microdosages  ainsl  que  des  exataens  microscoplques  en  fluorescence  ont  revile 
1 ‘existence  de  substances  chlialques  appelftes  mtdiateurs  sicrAtAes  par  le  neurone  amont  et  excitant  le  neu¬ 
rone  aval. 

Le  schAma  gAnAral  est  le  sulvant  :  des  corps  appelAs  prAcurseurs  existent  A  1'lntArleur  du  neurone  et 
sont  transformAs  par  une  succession  de  reactions  enzyiaatiques  en  wSdiateur.  Celui-c*  est  libArA  par  1 'In¬ 
flux  nervcux  et  aprAs  .avoir  traverse  l'espace  dentritlque  aglt  sur  une  structure  receptrlce  du  neurone 
sulvant,  qul  *  ion  tour  dAclenche  des  reactions  aiettant  en  jeu  deux  corps  :  Adenine  Mo.iophosphorlque  (AMP) 
et  Guarlne  Honophosphorique  (GMP),  recrAant  une  depolarisation  membranaire  generatrlce  de  1 ’Influx  ner- 
veux.  L'exces  de  mAdiateur  va  devoir  etc*  detruit  de  fegon  A  ce  que  1'effet  solt  Unite  dans  le  temps. 
Cette  Inactivation  s'effectue  par  trols  */o1e$  :  la  diffusion  et  dilution  dans  le  milieu  extracellulalre, 
la  degradation  enzymatlque  et  enfln  la  recapture  par  le  neurone  presynaptlque. 


pu  regrouper  en  systeaes  les  ensembles  de  neurones  possAdant  le  mAme  r*5diateur. 


On  peut  classer  res  mAdiaceurs  en  quatre  categories  repondant  A  leurs  families  chimlques. 

-  un  premier  groupe  comprend  des  coros  rtlativvrment  singles  constltues  autour  d’un  aclde  amine  aromati- 
que,  ce  sont  les  Monoamines.  Parml  relles-cl,  on  distingue  relies  qui  sons.  dArivAes  de  la  Tyrosine  et 
celles  qul  sont  Issues  du  Tryptophane.  De  la  Tyrosine  sont  Issues  la  Dopamine  et  la  Noradrenallnt,  et 
du  Tryptophane  la  Serctantne. 

-  d'autres  mediateurs  scot  issus  Agalement  d'anino-acides,  ainsi  ia  Glycine  et  1 ' Histamine. 

-  T  Acetyl  choline  est  un  ester  acetlque  de  la  choline,  e^.e-mSme  dArlvAe  d'on  Arwonlum  quatemalre. 

-  une  classe  assez  hAtArogAn*  regroupe  d'autres  dAnvAs  d'amino-acides  et  des  pept'des. 


TYROSINE  DOPAMINE  NORADRENALINE 


i  I 

(DActrboxylatlon)  (0  Oxydatlon) 
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II  regoupe'Tis~rfegToni'de"Ta~substar.ce  noire,  le  systfeme  strife,  1e  globus  pallidus,  1'anygdale, 
le  rhinencfephale  et  les  regions  de  1' hypothalamus  ;  rfecerment,  HOKFELT  a  dfecrit  des  liaisons  de  ce  type 
dins  la  zone  limbique  (1972}  et  le  cortex  prefrontal. 

On  sait  le  rflle  du  system?  strife  dans  la  regulation  notrice,  1 ’insuffisance  de  OA  entratne  un  syndro¬ 
me  parkinsonien,  par  contre  son  excis  amfene  des  comportements  stferfeotvpfes  et  des  troubles  psychiques  du 
type  paranoYde. 

D'autre  part,  la  DA  inhibe  par  son  action  sur  1 'hypothalamus  la  secretion  de  la  luteine  releasing 
factor  (IRF;  et  de  la  prolactine.  Enfin,  le  rflle  de  la  region  limbique  dans  la  regulation  des  besoins 
et  celui  de  la  rfegion  prfefrontale  laisse  prfesumer  du  rflle  de  la  DA  dans  les  processus  mentaux  (MATTHYSSE 
et  XETY  -  1973). 

2.22  -  Systfeme_r»gradrfenergigye. 

II  prend  erTgrande'pirtTe  ion'origine  dans  en  noyau  appelfe  locus  coeruleus  et  de  14,  femet  des 
faisceaux  descendants  vers  la  moelle  et  ascendants  vers  pratiquement  toutes  les  regions  du  systfemes  ner- 
veux  central.  II  faut  noter  1'extrfeme  diffusion  du  rfeseau,  il  est  possible  que  d'un  seul  neurone  depen¬ 
dent  tous  les  neurones  corticaux.  On  peut  done  prfesumer  de  son  rflle  de  coordination  globale.  C'est  lui 
qui  regie  1'feveil  et  la  phase  paradoxale  du  sommeil  qui  corresnondrait  4  1'activitfe  onirique. 

Un  autre  groupe  de  neurones  est  life  4  la  rfegion  hypothalanique  et  joue  un  rflle  sur  la  regulation  en- 
docrinienne  en  facilitant  le  LRF  et  l'ovulation.  II  exercerait  fegalement  son  contrflle  sur  la  thermogfenfe- 
se  et  certains  comportements  primitifs  :  faim,  soif,  sham  -  rage. 

2.23  -  Systfeme  Sfergtgninergigue. 

Ses  celTules*d7ofigTne'Iont*groupfees  fans  la  rfegion  mfediane  du  tronc  cerfebral  qui  regoivent 
elles-mfeme  des  neurones  noradrfenergiques.  Les  voies  suivant  des  trajets  analogues  4  ceux  des  systemes 
noradrfenergiques.  On  peut  done  prfevoir  des  interactions  importantes  entre  ces  deux  systfemes.  Le  systfe- 
me  sferotoninergique  commande  le  s<*»neil  4  ondes  lentes,  il  inhibe  1’activitfe  sexuelle  et  l‘agression  : 
son  rflle  est  done  adverse  de  celui  de  la  noradrfenaline. 

2.24  -  Systfeme_Chol inerglgue. 

Sa  distnbutlon'est'iTTe’aussi  trfes  large,  on  trouve  des  synapses  choli  argiques  pratiquement 
partout  14  oO  existent  des  liaisons  noradrfenergiques.  Le  systfeme  cholinergique  joue  un  rflle  dans  les 
comportements  d'feveil,  mais  son  action  est  p'us  nuanefee,  il  permet  une  adaptation  corructe  des  actes 
alors  que  le  systfeme  NA  a  essentiellement  une  for.ction  d'activation  globale. 

Les  itudes  sur  le  dfeveloppement  du  cortex  ont  montrfe  que  los  strurtyres  choli nergiques  apparaissent 
plus  tardivement  que  les  autres,  ce  qui  traduirait  bien  leur  caractfere  plus  fevolufe. 

2.25  -  Autresjufediateurs. 

Leur  diitflbutlon’et'Teur  rflle  sent  moins  conr-.s.  On  peut  les  grouper  en  deux  catfegories  : 
a)  Le  premifere  conporte  des  acides  aninfes  : 

-  L'Histamine  dferive  par  dfecarboxylation  de  l'histidine.  Son  rflle  comme  mfediateur  a  fetfe  suggferfe  par 
les  fetudes  de  SNYDER  (1972;.  L'existence  de  voies  ascendantes  histaminergiques  vers  le  cortex  lais¬ 
se  penser  que  ce  systfeme  pourrait  jouer  un  rflle  dans  les  nfecanismes  d’feveil. 


ACETYL  ....  CHOLINE 


ch,-ch2-  n-ch, 
I 


CHj 

2.21  -  Systfeme  dopaminergique. 
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-  L'acide  gamma-aminobutyrique  (GABA)  est  un  derive  dt  l'acide  giutamique,  aprAs  decarboxylation  et 
hydroxyl ati on.  II  joueralt  un  rflle  Inhibiteur  sur  la  transmission  synaptique  (ROBERTS  -  1975).  Les 
synapses  GABA  erglques  sont  largement  distributes  dans  1e  system  nerveux.  On  pense  qu'11  exlste 
oes  rapports  Atro<ts  entre  le  system  GABA  et  le  system  doparninergique. 

-  La  Glycine  est  un  aclde  amine  trfc>  simple.  Les  synapses  utlllsant  ce  mtdiateur  se  sltueralent  prin- 
cipalemnt  dins  la  moelle  epl nitre  et  joueralent  un  rOle  Inhibiteur  (HERMAN  -  1967). 

b)  Le  second  groupe  ra»semb1t  des  corps  plus  complexes,  assemblages  d'acldes  aminAs.  Ces  polypeptides  sont 
tradltlonnellement  rattachts  aux  secretions  hormonales,  mals  on  salt  qu'lls  peuvent  Agalement  jouer  le  r6- 
1e  de  rntdlateurs  -  GU1LLEMIN  a  propose  de  les  nommr  cybemlnes.  11s  sont  localises  Alectivemnt  dans  la 
region  hypothalamlque,  mals  on  les  rencontre  dans  d'autres  regions  du  system  nerveux  central. 

Le  rMe  de  ces  corps  sur  le  comportement  a  ete  discute  recenmnt  lors  d'un  colloque  de  1'INSERM 
(GOURCJI  -  1978). 

L'ACTH  et  la  Vasopresslne  joueralent  un  rflle  dans  les  phAnomenes  de  memorisation,  la  Prolactlne  et 
les  Endorphlnes  joueralent  sur  les  facteurs  tmotionnels. 

Cette  breve  revue  montre  la  coeplexitt  et  les  nonbreuses  Interactions  exlstant  entre  les  rntdlateurs. 

La  distribution  des  effets  en  fonctlon  des  localisations  anatomlques  est  loin  d'etre  tvldente.  Le  carac- 
tere  monolithiquede  chaque  system,  constltut  d'un  ensemble  de  neurones  connectts  A  1'aide  d'un  neuromA- 
diateur  unique  jouant  1  chaque  ttape  un  rdle  excitateur  ou  innlbiteur,  peut,  Iu1-m6me  ttre  mis  en  ques- 
tion  ;  SZABAOI  (1978/  a  propose  un  modtle  qu‘11  nomme  "agonism-antagoniste"  selon  lequel  un  m6me  media- 
teur  pourralt  exercer  des  effets  A  la  fols  posltlfs  ou  ntgatlfs  sur  des  sites  rtcepteurs  postsynaptiques 
distlncts.  Cette  hypothtse  permttralt  d'expliquer  les  effets  paradoxaux  en  fonctlon  des  quantitts  de 
neuromAdiateurs,  ainsi  que  la  succession  dans  le  temps  de  phases  excltatrlces  et  inhibltrices  aprAs 
1 'application  d'un  seul  produit. 

2.3  -  Mode  d'action  des  psychotropes. 

L'existence  de  la  barrltre  h^moencephaliquo  Interdit  le  passage  direct  de  neurom§diateurs  IngArAs  ou 
injectts  au  niveau  de  la  synapse.  Une  action  mtdi camnteuse  ne  peut  done  ttre  envisagAe  A  partlr  de  ces 
produits,  la  seule  possibilltt  est  une  intervention  sur  leur  gAnAse  ou  leur  devenir.  Les  etudes  portent 
principalemnt  sur  les  monoanines  et  sur  1'  acetyl  choline. 

Au  niveau  de  la  gtntse  des  trsnsmetteurs ,  les  facteurs  suivants  peuvent  ttre  abordAs  : 

-  le  fonctionnement  mAtabolique  de  neurones  doit  ttre  satisfaisant 

-  le  prtcurseur  du  transmtteur  dolt  ttre  disponible 

-  le  system  enzymatique  de  transformation,  principalemnt  les  decarboxylases,  doit  ttre  efficace 

-  le  s lockage  du  transmtteur  dolt  ttre  assure 

Une  *ois  libArA  du  neurone  presynaptique,  le  transmtteur  doit  pouvoir  transmettre  son  Information, 
ce  qui  implique  que  1 'on  peut  agir  sur  : 

-  la  disponlbllite  des  sites  rtcepteurs  post-synaptiques 

-  le  dtclenchemnt  des  systems  Adenyl  et  Guanine  monophosphoriques 

Enfin,  le  surplus  de  neurotransraetteur  doit  ttre  inactive.  II  sera  possible  d'aglr  sur  ce  point,  soit 
en  modi fi ant  les  enzymes  qui  sont  charges  de  sc  degradation,  soit  en  jouant  sur  le  mtcanism  de  recapture. 

Ces  diffArentcs  voles  d'abord  seront  detailltes  lors  de  1 'etude  des  diffArents  produits. 

3  -  METHODES  D' ETUDE. 

En  face  d'un  oroduit  susceptible  d'exercer  des  actions  psychostiraulantes,  plusieurs  demarches  devront 
ttre  effectuAes  avant  que  les  essais  sur  l'home  soient  engages.  L'examen  de  la  formule  chimique  permet 
parfois  une  prediction  des  effets,  mais  ce  moyen  est  soumis  A  de  nombreux  alAas  ;  la  relation  entre  struc¬ 
ture  et  efflcacitt  est  en  effet  loin  d'etre  precise.  C'est  au  niveau  des  essais  sur  1'animal  que  vont  ap- 
paraitre  les  premieres  informations  concemant  la  toxicitt,  la  pharmacodynanie  du  produit  (absorption, 
metabolism,  taux  sanguin,  degradation  excretion)  et  surtout  les  effets  sur  le  comportement.  Les  animaux 
ayant  regu  les  produits  sont  socais  A  des  tests  bien  standardises  (SIltJN  -  1978).  Les  psychostimulants 
induisent  une  hyperactivitt  observable,  soit  dlrectement,  soit  mesurte  objectivemnt  par  comptage  des 
mouvemnts,  ils  facilitent  l'apprentissage  et  le  condi tionnement  et  sont  antagonistes  des  hypnotiques. 
Certains  psychostimulants  ont  pour  effet  de  dtclencher  des  mouvemnts  stereotypes  de  lAchage,  mastica¬ 
tion,  ce  sont  les  amphttaidniques,  les  autres  sont  ranges  dans  la  catAgorie  des  neurostimulants. 

Lors  des  etudes  sur  I'home,  les  tcdiniques  d'observation  des  effets  peuvent  ttre  classAes  en  trois 
groupes  :  revaluation  cl-nique  directe  ou  dirigte  A  1'aide  d'Achelles  d'apprtciation,  les  mtthodes  psy- 
chomAtriques  et  les  relevts  physiologiques. 

-  Les  mtthodes  d'observation  clinique  sont  essentiellenent  utilisAes  en  psychiatrie  sur  des  malades. 
Lors  des  etudes  porta  t  sur  des  sujets  sains,  on  s'appuie  plus  volontiers  sur  les  deux  autres. 

-  Les  procedures  psychomttriques  comprennent  des  tests  d'efficience  tels  que  nesures  de  temps  de  reac¬ 
tion,  de  l'attention,  de  la  mtnoire,  de  la  capacitt  de  decision,  et  des  questionnaires  qui  portent 
soit  sur  des  traits  relativemnt  permanents  de  la  personnalitt,  soit  sur  des  ttats  actuels. 

-  Les  techniques  d'enregistrement  physiologiques  portent  surtout  sur  1'AlectroencAphalographe,  la 
frequence  cardi.que,  la  resistance  cutante  et  certains  dosages  biochimiqi  >s. 

L'ttude  objective  des  psychotropes  en  general,  et  des  psychostimulants  en  particulier,  doit  s'appuyer 
sur  des  regies  precises  de  mtthodologie,  les  rtsultats  obtenus  pouvant  ttre  soumis  A  de  nombreux  biais. 

II  faut  savoir  qu'il  est  plus  difficile  de  rnettre  en  evidence  des  effets  chez  l'homm  sain  que  chez 
le  malade,  chez  ce  dernier,  en  effet,  le  produit  agit  en  tant  que  correcteur  d'un  trouble,  le  plus  sou- 
vent  facile  A  observer.  Chez  le  sujet  sain  au  contraire,  on  n'observera  souvent  qu'une  exagtration  d'une 
fonction  normale.  Une  technique  utilisable  est  alors  d’observer  les  effets  compensateurs  d'un  produit 
vis-A-vis  d'une  situation  qui  serait  susceptible  de  perturber  son  tquilibre  :  prolongation  d'une  tlche, 
fatigue  physique,  privation  de  someil,  prise  de  produits  favonsant  le  sornmil,  etc... 
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Une  autre  difficult*  vient  de  ce  que  1'on  noae  Teffet  Placebo"  ;  11  s'aglt  des  modifications  de 
1'Atat  d'un  sujet  auquel  a  it*  administrA  un  produit  Inactlf  (Placebo),  ou  des  effets  additlonnels  que 
peut  entralner  un  prodult  actlf.  On  considAre  qu'tnviron  un  tiers  de  la  population  prAsente  ce  phAnomA- 
ne,  11  est  done  nAcessaire  de  1«  contrfller  lors  de  1‘Atude  d'un  produit. 

On  distingue  (GUELFI  -  1978)  plusieurs  niveaux  de  contrflle  experimental  qul  correspondent  8  des  exi¬ 
gences  dlstinctes  : 

-  dans  les  essais  ouverts,  1e  prescripteur,  le  sujet  et  l'observateur  connalssent  la  nature  du  produit 
utllis* 

-  dans  les  essais  avec  Insj,  *  cflt*  du  ou  des  prodults  actifs,  on  distribue  un  Placebo  ayant  mAme  appa- 
rence.  II  peut  s'agir  d'un  simple  insu  ou  seul  le  malade  est  dans  1 'Ignorance  de  ia  nature  active  ou 
non  du  produit,  d'une  evaluation  en  insu  ou  seul  le  prescripteur  est  au  courant,  et  enfin  de  double 
insu  od  aucun  des  protagonistes  ne  possAde  d'informations.  Cette  technique  permet  seule  d'*v1ter  tout 
effet  de  suggestion. 

L'organisation  de  1'essai  est  dAfinie  par  un  plan  experimental  (DEFAYJLLE  -  1978)  qui  peut,  soit  por¬ 
ter  sur  des  groupes  de  sujets  distincts  ayant  regu  les  diverses  formes  mAdicamenteuses,  soit  sur  des  ob¬ 
servations  portant  sur  les  mimes  sujets  ayant  regu  success! venent  les  diff*rentes  formes. 

Ce  plan  devra  tenir  compte  du  nombre  des  mesures  effectuAes  (avant,  pendant,  apr*s  traitement),  des 
conditions  auxquelles  sont  soumis  les  sujets  (fatigue,  etc...),  de  la  durAe  *coul*e  entre  la  prise  du 
produit  et  1'observation  de  la  durAe  de  1 ‘impregnation  (effet  algu  ou  chronique). 


4  -  ETUDE  DE 


QUES  PRODUITS. 


II  convlent  dans  un  premier  temps  de  sltuer  les  psychostimulants  parmi  1 'ensemble  des  produits  A  ac¬ 
tion  psychotrope.  LEMIN,  en  1928,  dAcrivait  cinq  categories  : 

Les  EUPHORICA  :  opium,  cocaTne,  ... 

Les  HYPNOTICA  :  gardenal 

Les  INEBRIANTIA  :  alcool 

Les  PHANTASTICA  :  belladone  -  Peyolt 

Les  EXCITANTIA  :  caf*,  tabac,  ... 

Plus  rAcemment,  DELAY  et  DENIKER  proposent  une  classification  en  trols  grands  groupes  :  Psycholepti- 
ques,  Psychoanaleptiques  et  Psychodyslaptiques. 

Les  premiers  abaissent  le  niveau  de  fonctionnement  du  systAme  nerveux,  on  y  range  les  hypnotiques  ca- 
ract*ris*s  par  leur  action  sur  le  sotcneil,  les  anxiolytiques  ou  tranquil lisants .  et  les  neuroleptiques 
qui  sont  des  thArapeutiques  antipsychotiques. 

Les  Psychodysleptiques  regroupent  les  HalludnogAnes  et  enfin  les  Psychoanaleptiques  sont  douis  de 
propriAtAs  excitantes  et  recouvrent  la  notion  de  psychostimulants. 

Parmi  ceux-ci,  on  distingue  deux  grandes  classes  selon  que  la  stimulation  s’exerce  sur  les  capacitAs 
cognitives  ou  sur  l'humeur  ;  dans  le  premier  cas,  11  s'agit  de  nooanaleptiques,  dans  le  second  de  thymo- 
analeptiques. 

Ce  sont  essentiellement  les  nooanaleptiques  qui  nous  retiendront  ici,  nous  les  diviserons  en  trois 
catAgories  : 

-  Les  stimulants  de  la  vigilance  ou  nooanaleptiques  proprenent  dit 

-  Les  stimulants  des  facultAs  cognitives  ou  nootropes 

-  Les  rAgulateurs  du  fonctionnement  neuronal 

*  Nooanaleptiques. 

Les  produits  les  plus  AtudiAs  appartiennent  A  la  classe  des  amphetamines.  II  ne  faut  toutefois  pas 
nAgliger  1 'importance  des  stimulants  naturels,  cafAine  et  nicotine,  quand  cela  ne  serait  qu'en  raison 
de  la  grande  frequence  de  leur  emploi.  Enfin,  d'autres  produits  prAsentant  des  propriAtAs  excitantes 
oD  vis-a-vis  du  systAme  nerveux  central  seront  passAs  en  revue. 

4.11  -  AmphAtaminiguesou_Psych amines. 

Ce  sont  des  dlrlvAs  qui  prAsontent  une  analogie  de  structure  avec  la  noradrenaline.  Le  chef  de 
file  est  1 'Amphetamine 


©"'I"’ 


Deux  heures  aprAs  absorption  par  voie  orale,  on  observe  le  maximum  de  la  concentration  sanguine.  Le 
produit  s'accumule  Alectivement  dans  le  cortex  cArAbrel  et  le  thalamus  et  environ  les  2/3  sont  AliminAs 
par  vole  urinaire  (on  en  trouve  encore  une  semaine  aprAs  la  prise). 

Les  amphetamines  agissent  par  trois  voies  (BROOKES  -  1977).  La  premiAre  ct  la  plus  i«q>ortante  accAlA- 
re  la  liberation  des  catecholamines  dans  1'espace  synaptique.  Il  s'y  ajoute  une  inhibition  de  la  recaptu¬ 
re  des  produits  en  excAs  et  enfin  une  inhibition  de  la  synthAse  de  la  Dopamine  et  de  la  NoradrAnaline.  II 
n'existe  pas  d'effet  d'inhibition  des  Nonoamine-oxydases  ni  d'action  sur  le  systAme  sArotoninergique. 
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Ces  phdnomenes  rendent  compte  de  deux  aspects  tres  inportants  : 

-  la  stimulation  des  systdmes  noradrtnergiques  d'eveil 

-  l'6puise*ent  consdcutif  1i6  b  une  liberation  inport ante  du  mediateur  sans  resynthBsc  compen¬ 
sate  ce 

Les  effets  de  1 'aaphetamine  portent  ersentiel lenent  sur  la  vigilance,  on  observe  une  diminution  de 
la  sensation  de  somneil,  une  augmentation  de  l'efficacite  psychomotrice  et  un  moindre  sentiment  de  fati¬ 
gue  apres  effort. 

Sur  le  plan  psychomdtrique,  EYSENCK  (I960)  ne  reieve  pas  de  differences inportantes  sur  le  plan  per- 
ceptif  en  dehors  d'une  plus  grande  reactivity  puplllaire  1  la  lunidre,  CARL  et  TURNER,  des  1936,  obser- 
vent  pour  des  doses  modertes  (10  mg)  une  amelioration  des  facultes  cognltives,  mais  1'effet  inverse  avec 
des  doses  trois  fois  plus  fortes.  11s  notent  egalenent  une  facilitation  de  1'apprentissage  dans  un  test 
de  codage  et  des  modifications  de  1‘humeur  dans  un  sens  favorable,  les  sujets  se  sentent  en  effet  plus 
calmes,  relaxes,  mol ns  fatigues  et  plus  sociables.  L'effet  le  plus  net  est  la  diminution  de  la  deterio¬ 
ration  des  performances  de  surveillance  lors  de  tlches  prolongdes,  decrit  en  1950  par  HACKWORTH.  Pour 
J.F.  HACKWORTH  (1965),  1 ‘aaphetamine  modifierait  moins  le  niveau  initial  des  performances  que  leur  dete¬ 
rioration.  Le  produit  n'influe  pas  sur  le  taux  des  fausses  detections  et  exercerait  un  effet  analogue  b 
la  connaissance  des  resultats. 

Oes  conclusions  analogues  avaient  ete  faites  par  PAYNE  ct  HAUTY  en  1954  pour  une  tSche  de  poursuite 
motrice  sur  quatre  indicateurs.  Un  groupe  ayant  regu  de  l'amphetamine  ne  presentait  pas  de  degradation 
apres  deux  heures,  alors  que  celle-ci  se  manifestait  par  un  groupe  contrdle  sans  medicament.  NEAL  et 
PEARSON  observant,  en  1966,  le  mime  effet  sur  une  tlche  de  detection  de  i.no  nonbres  impairs  successifs, 
avec  comae  tlche  compiementaine  le  repdrage  de  sons  de  longue  duree  au  milieu  de  sons  de  dur6e  plus  bre¬ 
ve. 


IVY  constate  qu'aprls  20  heures  de  garde  ou  de  conduite  automobile,  la  prise  de  10  mg  d'aaphitamine 
entrain*  une  amelioration  de  I'equilibre  de  la  coordination  oculorntrice  en  poursuite  tridimensionnelle, 
et  une  diminution  des  temps  de  reaction  de  choix.  Le  produit  pernet  egalement  de  minimiser  les  effets 
de  la  privation  de  soaneil,  ainsi  que  I'a  montre  KOPNETSKY  et  ses  collaborateurs  (1959).  Apres  68  heures 
de  privation,  l'amphetamine  permet  une  amelioration  dans  un  test  du  type  barrage,  dans  une  6preuve  de 
codage  et  lors  d'un  test  de  neponse  psychomotrices  I  10  stimuli  et  10  reponses. 

Das  effets  favorables  ne  doivent  toutefois  pas  masquer  les  inconyenients  de  1'uti1i»at1on  de  1'amphe- 
tamine.  El le  exerce  en  effet  des  effets  sur  le  systeme  vlgetatif  (tachycardie,  sdcheresse  de  la  bouche, 
troubles  digestifs}  et  surtout  elle  peut  entrafner  des  troubles  psychopathologiques  tels  que  l'anxiete, 
et  mime  1'apparition  de  psychoses  deiirantes.  Sans  aller  jus que  11,  on  reieve  parfois  une  dispersion  de 
1 'attention.  On  observe  regulierement  des  troubles  du  sonaeil  et  une  perte  d'appetit.  Toutes  ces  manifes¬ 
tations  peuvent  etre  attribudes  a  un  surdosage,  mais  11  faut  savoir  que  la  determination  de  la  dose  effi- 
cace  comporte  une  importante  par:  d'alea,  les  effets  A  dose  constante  dependent  en  grande  partie  des  fac- 
teurs  de  personnalite  et  de  1'etat  mental  actuel  du  sujet. 

II  convient  done  d'etre  tres  prudent  dans  1 'usage  de  ce  produit,  d'autant  plus  que  mime  bien  dose,  il 
ent^alne  deux  consequences  facheuv.-s  :  un  etat  d'epuisement  consecutif  i  l'effet  benefique  qui  oe-t  d'ail- 
leurs  expliquer  ce: tains  effets  paradoxaux  ds  sedation,  et  surtout  une  assretude  qui  peut  entrainer  de 
veritables  toxicomanies.  Les  premieres  ont  ete  notees  au  JAPOH  des  1954. 

Les  cas  se  sont  etendus  vers  les  ann6es  1968  b  la  Scandinavie  puis  b  la  Califomie.  Le  produit  est 
maintenant  class!  au  tableau  B. 

En  dehors  ds  l'amphetamine,  d'autres  produits  ont  ete  employes.  Pratiquement  tous  ont  le  mime  effet 
et  les  mimes  inconv!nients.  Citons  le  prolintane,  la  pemoline,  le  methylphenidate.  Selon  NICHOLSON 
(communication  personnel  le) ,  seul  ce  demier  produit,  S  la  dose  de  20  mg,  exercerait  un  effet  sur  le 
sommeil,  il  diminuerait  sensiblement  la  phase  de  someil  paradoxal  correspondant  aux  activites  de  reve. 

Le  methylphenidate  agirait  sur  la  recapture  elective  de  la  Dopamine  (PEREL  -  1977),  il  est  principa- 
lement  utilise  pour  l'effet  paradoxal  qu'il  presente  chez  les  enfants  hyperactifs.  Chez  ceux-ci,  le  pro¬ 
duit  exercerait  un  effet  normalisant,  se  traduisant  par  une  amelioration  de  la  focalisation  de  1'atten- 
tion  et  une  diminution  de  1 'agitation  (BARKLEY  R.A.  (1977)  ;  GABRYS  J.B.  (1977;  ). 

Rlcemaent,  on  a  propose  l'utilisation  d'un  prlcurseur  des  catecholamines  :  la  L-Oopa  ;  elle  diminue- 
rait  la  duree  du  soameil  sans  sensation  de  fatigue,  augmenterait  l'anxiete,  stimulerait  la  motricite, 
l'effet  serait  done  tres  proche  de  celui  des  amphetaniniques  (ZARIFIAN  -  1975). 

Ei.fin,  les  produits  beta-stimulants  (Salbutanol)  exergaht  leur  action  au  niveau  du  r6cepteur  post- 
synaptique,  montrent  un  effet  analogue  (FELINE  -  1977;. 

4. It  -  Stimulants.naturels. 

Il  s  agit  dTun*gfoup«’tfes  heterogene  sur  le  plan  chimique.  Les  nodes  d'action  sont  egalement 
variables,  excitants  ou  desinhibiteurs.  Le  cafe,  la  nicotine  et  1‘alcool  seront  envisages  dans  un  premier 
te^s  puis  serorit  passles  en  revue  quelques  substances  nedicanenteuses  dont  1'emploi  pourrait  etre  envi¬ 
sage  conrne  stimulant  de  la  vigilance. 

a)  La  cafeine  est  une  trinethyl xanthine  :  elle  est  utilisee  sous  forme  de  decoction  de  grains  de  cafe 
torrefi!  ou  de  feuilles  slohles  de  the. 

La  cafeine  est  bien  connue  par  ses  effets  toniques  sur  les  systemes  nerveux  et  cardiorespiratoire. 

Il  faut  ajouter  qu'elle  possede  des  proprietes  diuretiques. 

Des  1912,  HOLLlGSUORfH  etudiait  les  effets  de  la  prise  de  cafe  sur  les  performances  evalu6es  par 
techniques  psychometriques.  Il  constatait  que  pour  des  doses  moddrees  (1  tasse),  11  obtenait  une  acce¬ 
leration  des  capacitds  associatives  ;  l'effet  etait  obtenu  113  heures  apres  ia  prise  et  il  se  prolon- 
geait  durant  6  17  heures. 

A  cote  de  cet  effet  favorable,  11  notait  un  accroissenent  des  erreurs  lors  d'une  bpreuve  de  te*>s  de 
reaction  de  choix  et  une  diminution  de  la  coordination  oculomotrice. 
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Oes  effets  analogues  sont  dlcrits  par  GILLILAND  en  1939,  amelioration  de  la  vltesse  d'exlcution  d'opfr- 
ratlons  nuelriques,  augmentation  de  la  mlmoire  Immediate  des  chlffres,  mais  diminution  de  la  precision  mo- 
trice  -  WEISS  (1962)  rapproche  les  effets  de  la  cafeine  de  ceux  de  1 'amphetamine.  Bien  qu'appartenant  A 
des  families  difflrentes,  ces  deux  produits  ont  des  nodes  d‘ action  analogues  -  ArtCN  (1973)  a  montre  les 
effets  stimulants  de  la  cafeine  sur  les  systemes  adrenergiques  peripheriques  ;  cet  auteur  reieve,  come 
pour  1 'amphetamine,  une  impression  de  neilleur  rendenent  intellectuel  accnmpagne  d'un  sentiment  de  ten¬ 
sion. 

b)  k£  tibac  :  .11  est  generalement  admis  par  les  fumeurs  que  1e  fait  de  funer  permet  de  meilleures  perfor- 
nances ,  surtout  sur  1e  plan  de  1'attention.  La  nicotine  agirait  en  bloquant  la  fixation  de  1 'acetylcholi¬ 
ne  sur  le  recepteur  post-synaptique  et  exercerait  son  effet  en  deux  temps,  d’abord  excitant  puis  dApri- 
mant. 

HULL,  en  1924,  comparant  les  resultats  de  funeurs  et  de  non  fumeurs,  constata  dans  les  deux  groupes 
qu'une  pipe  entralnait  une  acceleration  de  1 'execution  d'addition  chez  les  funeurs  et  un  ralentissement 
chez  les  non  funeurs.  Dans  les  deux  groupes,  11  constatait  une  legere  diminution  de  la  precision,  la  me- 
moire  des  chlffres  et  la  vitesse  d'apprentissage  etait  moins  bonne. 

CARVER  (1934)  montre  egalement  un  accroi ssenent  des  erreurs  dans  les  calculs  et  une  moins  bonne  coor¬ 
dination  oc 'lomotrice  apres  3  cigarettes  ou  un  cigare. 

Plus  ri^ament,  JOHNSTON  (1966)  nontra  que  1 ‘usage  du  tabac  diminue  I'efficience  dans  une  tiche  de 
poursuite  motrice.  Le  mime  effet  nAgatif  est  constate  par  ANDERSON  (1975)  pour  une  tAche  d'apprentissage 
verbal.  Par  contre,  d'autres  auteurs  decrivent  des  effets  favorables  sur  les  temps  de  reaction  (MtftSSEN 
1972). 

Un  dernier  point  doit  6tre  signaie  :  c'est  1'action  protectrice  qu'exercerait  le  tabac  contre  la  de¬ 
gradation  des  performances  lors  des  tAches  prolongees  -  TARRIERE  (1964)  a  montre  que  les  fumeurs  mainte- 
nr.ient  stables  leurs  performances  A  une  tAche  de  surveillance  et  de  tracking,  alors  que  les  temoins  se 
deterioraient.  Ce  rAsultat  a  ete  retrouvA  partiellement  par  TONG  (1977)  avec  cette  reserve  que  le  niveau 
de  base  des  performances  de  fumeurs  etait  plus  bas  que  celui  des  non  funeurs.  On  est  en  droit  de  se  de- 
mander  dans  quelle  mesure  1 'effet  de  motivation  reactive  par  le  fait  de  funer  n'explique  pas  en  part<e 
cet  effet. 

L'usage  du  tabac  ne  peut  pas  etre  envisage  vrainent  comme  une  therapeutique  psychotrope,  toutefois, 
son  usage  chez  les  fumeurs  peut  constituer  une  aide  lors  de  tAches  prolongees  er>  qardant  A  1 'esprit  le 
caractere  tcxique  de  la  nicotine  sur  le  plan  cardiovasculaire,  et  lesrisques  cancirigAnc;  lies  A  cette 
habitude. 

c)  L'alcool  :  son  usage  est  universel tement  rApandu,  que  ce  soit  sous  forme  de  vin,  de  biAre  ou  de  spi¬ 
rt  tueux. 

Le  mode  d'action  de  l'alcool  serait  lie  A  la  fixation  d'une  enzyme  nAcessaire  au  mAtabollsme  de  la 
dopamine,  entralnant  la  formation  d'un  corps  de  mime  nature  que  les  opiacAs  (DAVIS  -  1970).  Aprls  absorp¬ 
tion,  on  constate  dans  un  premier  temps  une  phase  d'excitation  cArAbrale,  d' augmentation  de  la  confiance 
en  soi,  de  la  loquaclte,  et  c'est  A  ce  titre  que  nous  le  faisons  entrer  dans  les  psychostimulants. 

On  a  pu  de  mime  constater  une  augmentation  du  travail  A  1 'ergomltrie  et  une  diminution  dc  la  fatigue, 
ainsi  qu'une  moindre  sensibilitA  aux  stimuli  douloureux  (BAISSET  -  1965). 

Cette  augmentation  des  capacitAs  n'est  toutefois  qu'apparente.  Pour  des  alcoollmtes  de  1'ordre  de 
0,80  gr. ,  nous  avons  relevl  avec  DINAND  (1969)  un  ralentissement  des  temps  de  reaction  visuel,  un  accrois- 
sement  du  nombre  des  erreurs  A  un  test  d'attention  (barrage  de  trois  lettres),  ainsi  qu'une  diminution 
de  1'efficacite  de  1 'apprentissage.  Dans  cette  etude,  les  aptitudes  les  plus  dAtAriorAes  se  rAvllaient 
Atre  celles  qui  faisaient  appel  aux  fonctions  les  plus  elaborAes.  A  dose  plus  importante,  il  entraine 
une  depression,  voire  le  coma.  Mime  dans  la  premiere  phase,  il  y  a  degradation  des  performances  objecti¬ 
ves,  c'est  dire  que  seules  des  tAches  grossilres  pourront  itre  effectules. 

d)  La  cocaine  :  c'est  la  mastication  de  la  feuille  -e  cola  qui  a  permis  aux  indiens  de  combattre  les  en- 
vahisseurs  espagnols,  elle  est  toujours  pratiquAe  dans  les  pays  Andins  pour  surmonter  la  fatigue.  En  Euro¬ 
pe,  c'est  1‘alcaloTde  qui  est  utilise.  Son  usage  au  XIX  slide  etait  consider!  comae  normal. 

L'usage  de  la  cocaine  dans  un  premier  te^is  produit  une  euphorie  accompagnAe  de  dAsir  d'action,  secon- 
dairement,  on  note  1 'apparition  c'une  lassitude  physique  et  psychique,  avec  degradation  des  fonctions 
intellectuel les  (LEWIN  -  1964). 

La  cocaine  agit  en  inhibant  la  recapture  de  la  Noradr+naline  et  de  la  Dop-mine.  tile  fait  partie  des 
toxiques  majeurs. 

4.13  -  MldicfmentsNeyrgstimuljnts. 

Nous  citefons  pour'mimoire  la  strychnine  qui  accroitrait  les  perceptions  sensorielles  et  la 
picrotoxine  qui  ne  sont  pas  utilisles  c«m«  psychostimulants.  Par  contre,  de  nombreux  produits  nnt  vu 
le  jour  rice«ent  ;  1  Is  ont  tous  une  action  stimulante  globale  et  ne  prlsentent  pas  les  inconvlnients 
des  psychamines. 

Nous  avons  pu  montrer  (1978)  1 'effet  correcteur  de  1'amineptine  sur  la  diminution  de  vigilance  indui- 
te  par  certains  produits  psycholeptiques  mlneurs  tels  aue  les  tranquil lisants,  et  CA1LLE  (1978)  a  mis  en 
evidence  les  proprietls  psychoanaleptlques  d'une  nouvelle  molecule,  le  3726  C  E  R  H,  dont  la  structure 
chlmtque  s'apparente  A  celle  des  beta  bioquants.  Une  etude  est  actuellement  en  cours  pour  etudier  ce  pro¬ 
duit  concuramment  avec  la  cafline  et  la  ptthylphAnidate.  Le  Diethyl-amino-ethanol  (DEANOL)  et  les  pro¬ 
duits  apparentls  ont  montrl  leur  efficacitA  dans  certains  cas  d'asthAnie.  11s  aollioreraient  la  capacitA 
de  concentration  tout  en  rlgglarisant  le  besoin  de  sookII  (SCHUBERTH  J.  -  1978).  I  Is  agiraient  comae 
prlcurseurs  de  1'acAtylcholine  (EICHHOLTZ  -  1962). 
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La  Parachloro-phenylalanine  (PCPA)  est  un  inhibiteur  de  la  syntMse  de  la  sArotononine,  elle  exerce 
un  effet  antagonlste  sur  1e  sommil  ct  son  usage  a  pu  6tre  envisage  comm  eveillant. 

4.2  -  Nootropes. 

Le  concept  de  nootrope  a  ete  propose  par  G1URGEA  (1972; .  Cette  classe  de  produit  exerceralt  une  action 
elective  sur  les  facultSs  cognitives,  sans  repercussion  sur  le  someil.  Ces  produits  sont  en  general  des 
derives  de  mddiateurs  synaptiques  a  litres  que  ceux  de  la  serie  des  psychamines. 

4.21  -  Le  Pirjcetj*  est  apparente  1  1‘acide  game  aminobutyrique,  il  favoriserait  le  turn-over 
de  1'A.T.P.  et  la'?ormation  des  acides  nucieiques  dont  le  rfile  a  ete  propose  dans  la  fixation  mAmonique. 
Le  produit  se  fixe  Alectivement  au  niveau  du  cortex  cerebral  et  faciliterait  les  liaisons  interhAnisphe- 
riques.  HINDUS  (1976;  a  pu  montrer  que  la  prise  du  produit  amAliorait  les  performances  mntales  chez  des 
sujets  normaux  lors  de  l'executlon  de  tidies  psychonotrices. 

4.22  -  l,{s  Brgtfy' js_4_effet  cholinergigyes  ont  rAcenmnt  ete  etudies  (DAVIS  -  1978),  partant  de 
1'hypothAse  que  la  3IninutTon*3e~TTe?nctence*au  System  cholinergique  pouvait  expliquer  des  troubles  am- 
nesiques  du  vieillard,  on  a  pu  verifier  que  la  Physostignino  qui  est  un  cholinoninetique  ou  inhlbiteur  de 
la  cholinesterase  exergait  un  effet  favorable  sur  la  nenoire  4  long  term  de  l'hnnm.  SITARAM,  la  nine 
annee,  obtient  des  rAsultats  identiques,  avec  la  choline  et  I'arecoline  qui  favorisent  1'apprentissage 
verbal  d'une  sequence  de  10  nots.  Par  contre,  un  antagoniste,  la  scopolamine,  entrafne  un  effet  inverse. 

SCHUBERTH,  dAj4  cite,  montre  les  effets  antagoniste:  oe  la  scopolamine  et  de  la  physostigmne.  La 
premiere  pertuberait  le  stock age  d' informations  nouvelles  sans  toutefois  alterer  la  nemoire  immediate 
et  deteriorer  les  informations  dAj4  stockees  en  nemoire  4  long  term.  II  observe  des  troubles  de  1 ‘at¬ 
tention,  toutefois  noins  marques  chez  les  sujets  hypovigilants  par  privation  de  sonmil  ou  sounis  4  des 
temperatures  eievees.  II  constate  egalemnt  une  diminution  du  someil  paradoxal.  La  Physostignine,  4 
1'inverse,  comense  les  effets  de  la  privation  de  sommil,  rAduit  les  hallucinations  causees  par  la 
scopolaminz,  retab’ft  le  sommil  paradoxal  et  exerce  un  effet  eveillant.  Les  effets  sont  toutefois  va¬ 
riables  en  fonctic  du  rvthme  circadien. 

4.23  -  Les.Polypeptides  sont  etudies  depuis  peu.  Nous  mntionnerons  4  titre  d'exeaple  les  re- 
c*ierch»s  mnees  par'RAsflN  (I§?5;  et  ses  collaborateurs  sur  la  fraction  proteique  commune  entre  les  hor¬ 
mones  corticotropes  et  meianotropes.  Ce  Polypeptide  :  l'ACTH  4-10,  qui  ne  comprcnd  qu'une  chaine  de  7 
acides  amines  aurait  un  effet  positif  sur  la  nemoire,  1 'attention  est  neilleure  durant  les  tlches  soute- 
nues  et  la  resistance  4  1 'ennui  s'accroit  (MILLER  -  1974* .  Le  mine  auteur,  en  1976,  nontre,  sur  une  tl- 
che  continue  de  detection,  que  le  produit  accroit  le  pourcentage  de  detections  correctes  et  fait  dAcroi- 
t re  celui  des  erreurs  par  exces  ou  defaut.  Une  etude  plus  poussee,  axAe  sur  la  memorisation,  nontre  que 
1'aceiioration  porte  plus  sur  les  tests  4  structure  spatiale  et  numerique  que  sur  ceux  mttant  en  oeuvre 
des  stimuli  verbaux. 

L'ACTH  4-10  exercerait  son  action  surtout  au  niveau  de  la  reticuiee  thalanique  sans  rApercus'ion  ve¬ 
getative. 

La  voie  d'etude  des  Polypeptides  apparaft  trAs  feconde,  tant  sur  le  plan  des  stimulants  que  sur  celui 
des  anxiolytiques.  Toutefois,  leur  emploi  reste  encore  difficile  en  l'absence  de  form  facilemnt  adminis¬ 
trate. 

4.3  -  Thymoanaleptiques. 

Bien  qu'ayant  une  action  elective  svr  l'humur,  ces  produits  exercent  une  action  tonique  gAnArele.  On 
peut  les  diviser  en  deux  grendes  classes. 


IHIPRAMINE  IPR0NIA2IDE 


CH, 


4.31  -  Les  derives  de  UlmiBrjming  se  caracterisent  chimiquemnt  par  une  structure  tricyclique 
coaportant  un  atom  d'Oxygene  on  S’Azote'dans  la  portion  centrale. 

11s  agissent  en  s'opposant  au  recaptage  des  catecholamines,  d’autre  part,  ils  sont  antanoni:tes  c*e 
1'acetylcholine,  de  1'histamine  et  de  la  serotonine. 

Leur  action  est  lente,  environ  une  semaine  ;  ils  entratnent  des  effets  lateraux  de  type  atropinique  : 
tachycardie,  secheresse  de  la  bouche,  sueurs,  troubles  de  l'accomodation,  constipation.  On  note  souvent 
de  1'insomnie  et  parfois  de  l'anxiete. 

4.32  -  ytS.l!MM»yrf .fc.li-18CH?lK.2a$i55 •  <tont  le  caractArise  le  mode  d'action,  se 
caracterisent  chimiquement  par  la  presence  d"un  groupement  hydrazine  :R-MH-MH-R  -  Leurs  effets  se 
manifestent  par  1'accumilation  des  catecholamines  et  de  la  serotonine  par  non  destruction.  Ils  n’ex^r- 
cent  pas  d 'effet  sur  le  system  cholinergique. 

Ils  induisent  des  effets  secondaires  analogues  aux  precedents,  nais  surtout  d'ordre  tensionnel.  Cer¬ 
tains  aliments  doivent  At re  bannis  :  le  cafe,  le  chocolat,  les  bananes  et  les  fronages. 

Tout  ceci  rend  difficile,  voire  iiqiossible,  I'emploi  de  ces  produits  4  des  fins  non  theraoeutiques. 
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4.4  -  Adjuvants  mfetaboligues. 

On  regroupe  sous  cette  rubrique  les  prodults  qui  ne  sont  pas  directement  lifts  au  systftme  nerveux  mais 
qui  permettent  1e  fonctionnement  normal  de  toute  cellule  et  en  parti  culler  du  neurone. 

-  Certains  ions  minftraux,  tels  que  le  Potassium,  1e  Sodium  1e  Calcium  et  le  Magnesium,  dftterminent 
1'ftquilibre  entre  les  milieux  intra  et  extrace llulai res.  Dans  les  conditions  normales,  11  est  exceptionnel 
qu'une  carence  existe. 

*  La  nutrition  de  la  cellule  s'effectue  grlce  au  nfttabolisme  des  glucides  et  on  peut  penser  que  1'ap- 
port  de  prodults  intermftdialres  du  cycle  de  combustion  puisse  fttre  un  appoint  utile  :  bien  entendu,  on 
trouvera  les  sucres,  eux-mftmes  glucose,  fructose,  mais  aussi  l'Adftnosine  triphosphor  e,  les  acides  glu- 
tamique,  aspartique,  succinique,  etc _ 

-  L'apport  de  prodults  de  base  est  nftcessaire  pour  la  construction  des  cellules  elles-mftmes  -  Acides 
aminfts,  tryptophame,  mtthionine,  phftnyl alanine,  glycine,  acides  nuclftiques. 

-  Enfir.,  il  peut  fttre  utile  d'apporter  des  rftgulateurs  mfttaboliques  qui  modulent  les  combustions  tels 
que  la  centrophftnoxine,  1 'heptaminol ,  sans  oublier  les  vitamines  C  et  celles  du  groupe  B,  ainsi  que  cer- 
taines  hormones  anabolisantes  (corticoTdes  et  hormones  males). 

Tous  ces  prodults  entrent  plus  ou  moins  dans  les  compositions  de  medicaments  appelfts  dftfatigants,  leur 
efficacitft  est  modftrfte  sur  le  plan  biochimique,  mais  ils  peuvent  cor.stituer  une  aide  au  moins  psychologi- 
que  chez  des  sujets  ftprouvant  le  besoin  d'un  soutien  lors  de  situation  reauerrant  une  activitft  mentale 
soutenue. 


5  -  MODELE  EXPLICATIF. 

Au  cours  du  paragraphe  prftcftdent,  nous  avons  vu  que  plusieurs  prodults  fttaient  susceptibles  d'amftlio- 
rer  l'efficacitft  des  diffftrents  mail  Ions  de  la  chaine  de  traitement  de  I'information  :  rftception,  stocka- 
ge  et  operations  Intel lectuel les.  A  1 ‘exception  des  nootropes,  encore  mal  connus,  et  oes  adjuvants  d'effi- 
cacitft  mineure,  tous  ces  prodults  agissent  sur  l'activation  gftnftrale,  on  a  vu  en  effet  le  rflle  important 
que  jouent  les  systftmes  catftcholinergiques  dans  les  mftcanismes  d'ftveil.  Dans  le  nodftlc  que  nous  avons  ex¬ 
pose  prftcftdemwnt  (DEFAYOLLE  -  1968),  le  concept  d'activation  jouait  un  rftle  central  et  l'on  se  souvient 
de  la  relation  curvilinftaire  qui  existait  entre  celle-ci  et  les  performances.  LEGEMIE,  la  mime  annfte,  pro¬ 
posal  t  d'appliquer  ce  schftma  l  l'efficacitft  des  psychotropes. 

Selon  ces  modftles  et  dans  le  cas  qui  nous  intftresse,  celui  des  stimulants,  on  doit  s'attendre  4  un  ef¬ 
fet  positif  chez  les  sujets  sous-activfts,  et  nftgatif  chez  les  suractivfts. 

Par  sous  ou  suractivfts,  LEoEMlE  entend  un  facteur  de  personnel itft  stable  se  recoupant  en  gros  avec  les 
deux  types  d'introvertis  (suractivfts)  et  d'extravertis  (sous-activfts)  d'EYSENCK.  11  faut  gftnftraliser  ce 
schftma  aux  aspects  dynaxiques,  et  y  faire  intervenir  ftgalenent  la  tlche,  1 ‘environnement,  la  motivation, 
etc. . . 

On  peut  ainsi  rendre  compte  de  I'effet  paradoxal  de  dfttftrioration  par  surdosage'relatif  de  1 ‘activa¬ 
tion. 

Notre  hypo these  attribuait  la  courbure  de  la  fonction  4  I’effet  antagoniste  de  deux  fonctions,  l'une 
de  la  caoacitft  de  traitement  ftvoluant  dans  le  mime  sens  que  l'activation,  et  1 'autre  de  capacitft  de  fil- 
trage  se  dftgradant  avec  cette  activation.  C'est  ce  dernier  phftnomftne  qui  rendrait  coapte  de  la  dftcrois- 
sance  de  la  deuxiftme  partie  de  la  courbe. 

Un  moyen  d'ftviter  la  dfttftrioration  des  performances  par  hyperactivation  pourrait  fttre  de  renforcer 
les  processus  de  filtrage. 

Ceux-ci  semblent  fttre  sous  la  dftpendance  du  systftme  cholinergique,  c'est  vers  des  prodults  appartenant 
i  cette  catftgorie  qu'il  y  aural t  lieu  de  s'orfenter. 

Fous  n'avons  envisagft  que  les  effets  directs  sur  les  perfe-mances,  il  ne  faut  pas  nftgliger  ceux  qui, 
s'exergant  4  un  niveau  moins  ftlevft  d'intftgration,  peuvent  modifier  celles-ci. 

ces  phftnomftnes  d'activation  s'accompagnent  gftnftralermnt  de  manifestations  reurovftgfttatives  gftnantes  : 
sudation,  troubles  digestifs,  tachycardie.  pouvant  constituer  pour  le  sujet  des  stimulations  parasites 
qui  viennent  perturber  son  efficience.  II  faut  ajouter  i  celi  les  phftnomftnes  moteurs,  les  treirtilements 
qui  constituent  en  eux-mftmes  un  handicap  1  l'exftcution  de  tlches  nftcessltant  une  coordination  notrice 
orftcise. 

Le  senftma  qui  vient  d’fttre  prftsentft  aborde  le  uroblftme  sous  son  aspect  niuropsychclogique,  ce  serait 
une  erreur  de  le  ccnsidftrer  comae  suffisant,  le  p61e  biologique  ne  rend  pas  compte  de  1‘aspect  synbolique 
qui  est  prop  re  i  Than. 

La  dimension  sftmantique,  la  signification,  revfttent  une  importance  ertaine.  Jouer  sur  1*  capacitft  de 
traitement,  le  filtrage  en  les  augsentant,  ne  preju*e  pas  des  objets  sur  lesquels  potent  ces  processus  ; 
I'augmentation  du  potentiel  d'un  indiviou  ne  s^gnific-  rien  s'il  n'est  pas  dirtgft  dans  une  direction  souhai- 
tablc,  il  peut  se  nanifester  sous  forme  d'efficacitft,  d'anxifttft  ou  d'agressivitft,  et  cette  direction  ne 
dftpend  pas  nftcessairement  de  phftnomftnes  biochioiques.  1  'usage  de  produits  mftdicamenteux  ne  rftsoud  done 
qu'une  patie  du  problftme  de  I'augmentation  de  1 'efficience. 


6  -  INC! CATIONS  OES  PSYCHOSTIMULANTS. 

L'usage  des  psychostimulants  peut  fttre  motivft  par  deux  raisons  qui,  schftnatiqucment,  coincident  avec 
les  deux  granges  classes  de  produits  qui  ont  fttft  envisagftes  prftcftdewnt  :  les  nooanaleptiques  et  les 
nootropes. 

-  Dans  le  premier  cas,  le  problftme  central  est  celui  du  maintien  de  la  vigilance,  soit  pour  ftviter  sa 
dftgradatior.  au  cours  de  tlches  prolongftes.  soit  pour  ftviter  un  endormissement  lift  I  une  perturbation  des 
rythmes  nornaux  du  sommil  et  de  la  veille. 
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Dans  ce  dernier  cas,  1 'usage  des  a*|>hetaMiniques  est  evidewaent  1e  plus  efficace,  mais  11  faut  garder 
I  1 'esprit  que  ces  produits  peuvent  entrainer  des  troubles  par  hypervigi lance  avec  non  focalisation  de 
1'attention  et  des  effiets  lateraux  nuisibles  :  troubles  des  coordinations  psychomotrlces,  pertes  de  l'ap- 
petit,  anxiet!,  agitation.  Oe  plus,  leurs  effets  sont  suivis  d'une  period*  de  depression  physique  et  1n- 
tellectuelle.  Ces  produits  ne  devraient  done  etre  e*q>loy!s  qu'exceptionnelleaent,  pour  des  durees  relati- 
vement  breves  et  leur  dosage  adapt!  &  cheque  utilisateur. 

Pour  un  usage  plus  soutenu,  1e  stimulant  naturel  qu'est  la  canine  apparait  d'un  naniement  plus  sou- 
pie,  aais  U  aussi  11  faut  se  garder  d'un  surdosage.  Nous  avons  w  que  1e  tabac  ne  pouvait  pas  etre  con¬ 
sider!  comm  un  psychostimulant  vrai,  aais  que  chez  les  habitues,  11  constituait  une  aide  utile. 

-  Lorsque  le  but  est  d'aaeiiorer  les  perforaances  intellectuelles,  1e  probieae  est  plus  coaplexe,  les 
nootropes  sont  d' introduction  rtcente,  leur  application  souvent  difficile  et  aal  codifiee.  Bien  qu’S  notre 
avis  11s  reprtsentent  une  vole  d'avenir,  on  devra  se  contenter  de  medication'  plus  aineures,  certains  neu- 
rostiaulants  et  les  adjuvants  aetaboliques  peuvent  etre  eaployes. 

Quels  q.ie  soient  les  produits  utilises,  11  existe  un  risque  de  dependence  phamacologique. 

On  definit  la  pharaacodependance  comm  un  "etat  psychique  et  quelquefois  physique  resultant  de  1 ’in¬ 
teraction  entre  un  organisae  vivant  et  un  medicament.  Cette  interaction  se  caracterise  par  des  aodifica- 
tions  du  coaporteaent  et  par  d'autres  reactions  qui  engagent  toujours  forteaent  l'usager  i  prendre  le  ae- 
dicaaent  de  fagnn  continue  ou  periodique  afin  de  retrouver  ses  effets  psychiques  et  queiquefois  d'eviter 
le  aalaise  de  la  privation-  {EDDY  -  196S). 

La  tolerance  est  caracterisee  par  une  diainution  de  1'efficacite  du  produit  entrainant  une  augaenta- 
tion  de  sa  consolation. 

On  distingue  la  dependence  psychique,  qui  reieve  d'un  desir  de  plaisir  ou  d'!vitement  de  aalaise,  de 
la  dependance  physique,  ou  assudtude,  qui  se  ma;.*  .est*  par  -‘es  v rubles  inpor^ants  lorsque  1 'usage  du  pro- 
duit  est  interroapu. 

£n  ce  qui  conccme  les  psychos tiaul ants,  seuls  les  psychaaines,  la  cocaine  et  1'alcool  (tout  au  aoins 
dans  la  phase  initiale)  entralnent  une  dependence  physique. 

Pour  les  autres  produits,  les  effets  agreables  qu'entralnent  leur  usage  peuvent  entrainer  une  depen¬ 
dance  psychique  qui  peut  rendre  difficile  la  suppression  de  1 'habitude,  e'est  une  raison  suppieaentaire 
pour  n'envisager  leur  usage  que  dans  des  ci rconstances  except! onnel les.  Avant  de  recourir  aux  noyens 
phanaacologiques,  il  faudra  toujours  se  demander  s'11  n'est  pas  possible  de  Modifier  les  conditions 
d'execution  des  tlches  :  horaires,  difficult!  et  formation  des  personnels  qui  se  r!v!lent  souvent  plus 
•fficaces  et  Moins  nocifs. 

Le  Meilleur  activant  du  systeme  nerveux  est  certainenent  la  Motivation  et  e'est  dans  cette  voie  qu'il 
faut  essayer  d'oeuvrer. 

C'est  seulenent  dans  I'i^ossibilit!  d'agir  par  ces  Moyens  non  agresslfs  que  l'on  oourra  avoir  re- 
cours  aux  aides  phanucologiques. 
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SUMMARY 

This  review  of  the  state-of-the-art  of  psychostimulants  starts  with  a  brief  historical  and 
geographical  survey. 

The  basic  neuro-chemical  data  on  vigilance  are  then  dealt  with,  and  the  various  systems 
of  mediators  involved  in  synaptic  conduction,  differentiated  from  each  other. 

The  methodology  of  therapeutic  tests  on  psychotropes  is  then  tackled  and  the  effects 
induced  by  the  use  of  the  various  types  of  drugs  available  noo-analeptics,  noo tropes, 
thymoanaleptics  and  metabolic  adjuvants  are  considered. 

After  an  attempt  at  incorporating  these  data  into  a  general  model  of  vigilance  including 
the  data  handling  capacity  and  filtering  concepts,  the  paper  ends  with  the  indications  and 
contraindications  as  to  the  use  of  psychostimulants. 


1 .  HISTORICAL  BACKGROUND 

The  search  for  artificial  means  capable  of  improving  man’s  performance  is  a  phenomenon  to  be  found  in  all  cultures. 
Originally,  it  comes  under  empirical  herb  therapy  and  when  the  consumption  of  certain  plants  is  followed  by  effects 
regarded  as  favourable,  these  plants  are  considered  useful.  Later  on,  in  the  course  of  the  19th  century,  the  developments 
which  took  place  in  the  field  of  chemistry  led  to  the  extraction  of  their  active  principles,  then  to  the  analysis  of  their 
chemical  structure,  and  finally  to  their  synthesis. 

1.1  Natural  stimulants  can  be  broadly  classified  as  follows: 

Caffeine 

It  is  used  on  a  world-wide  basis.  It  is  found  in  tea  in  the  area  of  Chinese  culture,  in  coffee  which  originated  in 
Abyssinia,  in  the  Kola-nut  in  Africa,  in  Guarana  and  Matd  in  Amazonia.  Its  use  in  the  form  of  coffee  and  tea  spread  to 
Europe  in  the  1 6th  century.  The  synthesis  of  caffeine  was  achieved  in  I82U. 

Tobacco 

Originating  in  Mexico  and  used  for  sacred  ceremonies,  it  was  introduced  in  Europe  after  the  discovery  of  the  New 
World  and  was  originally  used  for  therapeutic  purposes.  Its  active  principle  is  nicotine. 

Areca  or  betel 

Its  use  is  limited  to  South-Eastern  Asia.  The  Areca  nut  contains  an  alkaloid:  Arecoline. 

Alcohol 

When  taken  in  large  quantities  its  effects  are  rather  depressant.  However,  it  pla,  a  also  an  activating  role  by  removing 
inhibitions,  it  is  also  used  widely 

Coca 


It  is  the  holy  plant  of  the  Inca  empire  and  when  chewed  it  is  supposed  to  overcome  fatigue  and  suppress  hunger.  Its 
active  principle  is  cocaine  which  was  synthesized  in  1 855.  Its  use  was  popularized  by  Bentley,  then  by  Freud,  who  put 
forward  justifications  for  its  use. 
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To  these  stimulants,  which  are  peculiar  to  the  nervous  system,  ephedrine  should  be  added,  it  was  synthesized  in 
1 885  by  Nagai  and  Kanao,  who  were  interested  in  the  vegetable  extract  from  ephedrc  famous  in  traditional  Chinese 
medicine  for  its  stimulating  respiratory  and  cardiac  effect.  Derived  from  this  substance,  a  whole  family  began  to  appear, 
with  Adrenalin  in  1901 ,  then  Amphetamine  in  1931 . 

1.2  For  the  last  few  years  it  has  been  recognized  that  various  products  exert  a  psychostimulant  effect  parallel  to  their 
primary  purpose,  for  example  Iproniazide.  It  was  originally  used  against  tuberculosis,  but  proved  to  have  an  anti- 
depressive  action  as  early  as  1952. 

Since  then  a  large  number  of  molecules  have  been  studied,  sometimes  without  starting  from  a  given  assumption  but 
with  a  view  to  determining  empirically  possible  psychotropic  properties. 

These  empirical  investigations  are  now  c  implemented  by  a  theoretical  approach  for  explanatory  purposes.  This  is 
neurochemical  and  we  shall  first  consider  its  most  general  aspect,  including  the  mechanisms  of  synaptic  transmission,  and 
then  from  a  more  specific  standpoint,  by  dealing  with  the  various  systems  likely  to  account  for  the  stimulating  effects  of 
the  products. 


2.  NOTIONS  OF  NEURO-CHEMISTRY 

2.1  Synaptic  Traiumicsion 

it  is  well  known  that  the  nervous  system  is  made  up  of  a  network  of  cells  called  neurons,  specialized  in  the  genera¬ 
tion  and  conduction  of  an  electric  phenomenon  the  nerve  impulse.  This  network  implies  a  communication  between  the 
neurons.  In  most  cases  communication  is  not  established  by  conduction  of  the  electric  potential  by  contact,  but  through 
chemical  substances  discharged  by  the  upstream  cell  which  excites  the  cell  located  downstream. 

We  call  synapse  the  area  in  which  the  parts  of  these  adjacent  neuions  are  grouped:  ending  of  axon,  dendrite  and  the 
space  which  separates  them. 

Investigations  with  an  electronic  microscope  have  revealed  the  presence  of  small  vesicles  in  the  axon  endings,  and 
quantitative  micro-analyses,  as  well  as  microscopic  examinations  under  flouoresccnt  conditions,  have  revealed  the 
existence  of  chemical  substances  called  mediators,  discharged  by  the  upstream  neuron  and  exciting  *’ie  downstream 
neuron. 
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The  general  pattern  is  as  follows.  Within  the  neuron,  there  are  bodies  called  ‘‘precursors”  which  are  transformed  into 
mediators  through  a  series  of  enzymatic  reactions.  These  mediators  are  released  by  the  nerve  impulse  and,  after  passing 
through  the  dendritic  space,  act  upon  a  receptor  structure  of  the  following  neuron.  In  its  turn,  the  latter  triggers  a  series 
of  reactions  involving  two  substances,  mo  no  phosphoric  adenine  (MPA)  and  monophosphoric  guanine  (MPG),  and  re¬ 
creating  a  membrane  depolarization  generative  of  the  nerve  impulse.  The  excess  mediator  must  be  destroyed  so  that  the 
effect  may  be  limited  in  time.  This  inactivation  is  achieved  through  three  processes,  diffusion  and  dilution  in  the  extra¬ 
cellular  medium,  enzymatic  degradation  and,  finally,  uptake  by  the  presynaptic  neuron. 


2.2  Transmitters 

This  broad  pattern  applies  to  all  the  synapses.  The  only  difference  lies  in  the  mediator  involved.  The  sets  of  neurons 
posressing  the  same  mediators  have  been  grouped  in  systems. 

Mediators  can  be  classified  in  four  categories  depending  on  their  chemical  families. 

the  first  group  called  Monoamines  includes  relatively  simple  bodies,  centred  on  an  aromatic  amino-add.  Among 
monoamines,  those  derived  from  Tyrosine  are  differentiated  from  those  derived  from  Tryptophan.  Dopamine 
and  Noradrenatin  are  derived  from  Tyrosine,  and  Serotonin  from  Tryptophan. 

-  other  mediators  are  also  derived  from  amino-adds,  for  example  Glycine  and  Histamine. 

-  Acetylcholine  is  an  acetic  ester  of  choline  which  is  itself  derived  from  a  quaternary  ammonium, 
a  rather  heterogeneous  class  includes  other  derivatives  from  amino-adds  and  peptides. 
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2.2  l  Dopaminergic  System  (DA) 

It  includes  the  regions  of  substantia  nigra,  the  striated  system,  the  globus  pallid  us,  the  amygdalla,  the  rhii.'encephalon 
and  the  regions  of  the  hypothalamus:  Ifdfkelt  has  recently  described  connections  of  this  type  in  the  limbic  zone  (1972) 
and  the  prefrontal  cortex. 

The  role  of  the  striated  system  in  motor  regulation  is  well  known.  An  insufficient  amount  of  DA  brings  about  a 
Parkinsonian  syndrome.  On  the  other  hand,  an  excess  of  DA  induces  stereotyped  behaviours  and  psychic  disturbances  of 
the  paranoid  type. 

In  addition,  through  its  action  on  the  hypothalamus.  DA  inhibits  the  secretion  of  the  luteine  releasing  factor  (LRF) 
and  prolactin.  Finally,  in  view  of  the  role  of  the  limbic  zone  in  the  regulation  of  mood,  and  of  the  prefrontal  zone,  DA  is 
assumed  to  be  involved  in  mental  processes  (Matthysae  and  Kety  1973). 

2. 2. 2  Soradrenergic  System 

It  originates  largely  from  a  nucleus  called  locus  coeruleus.  and.  from  there,  it  sends  out  bundles  directed  downwards 
towards  the  medulla,  and  upwards  towards  almost  all  the  regions  of  the  central  nervous  system.  The  very  high  diffusion 
of  the  network**  to  be  stressed.  All  the  cortical  neurons  may  depend  upon  a  single  neuron.  It  can  therefore  be  assumed 
that  it  plays  an  overall  coordination  role.  It  is  responsible  for  the  regulation  of  wakefulness  and  of  the  REM  (rapid  eye 
movement)  phase  of  sleep  which  is  supposed  to  correspond  to  the  oniric  activity. 

Another  group  of  neurons  a  associated  with  the  hypothalamus  area  and  plays  an  active  part  in  the  regulation  of 
endocrinous  activities,  by  facilitating  the  LRF  and  ovulation.  It  is  also  supposed  to  control  thermogenesis  and  certain 
primitive  behaviours  such  as  hunger,  thirst  and  sham  rage. 

2. 2. 3  Serotoninergic  System 

Its  original  cells  are  gathered  in  the  medial  region  of  the  brain  stem  which  receives  itself  noradrenergic  neurons. 

The  paths  are  similar  between  these  two  systems  to  those  of  the  noradrenergic  systems.  Considerable  interactions 
between  these  two  systems  can  therefore  be  anticipated.  The  serotoninergic  system  controls  slow  wave  sleep,  and  inhibits 
sexual  activities  and  c&ressiveness.  Consequently,  its  action  is  contrary  to  that  of  noradrenalin. 

2. 2. 4  Cholinergic  System 

It  is  also  spread  widely.  Cholinergic  synapses  are  to  be  found  almost  wherever  noradrenergic  connections  exist.  The 
cholinergic  system  is  involved  in  wakefulness,  however,  its  action  is  more  subtle,  as  it  allows  a  suitable  adaptation  of 
behaviour  whereas  the  NA  system  performs  essentially  an  overall  activation  function. 

Studies  on  the  development  of  the  cortex  have  revealed  that  the  cholinergic  structures  appear  later  than  the  others, 
which  would  bear  evidence  of  a  more  advanced  character. 

2  2. 5  Other  Mediators 

Their  distribution  and  role  are  less  well  known.  They  can  be  classified  in  two  categories: 

(a)  The  first  category  includes  amino-acids: 

Histamine,  derived  from  histidine  by  decarboxylation.  Its  role  as  a  mediator  was  suggested  by  Snyder's 
studies  (1972).  The  existence  of  histaminergic  paths  going  up  towards  the  cortex  leads  one  to  assume  that 
this  system  might  be  involved  in  the  wakefulness. 

Gamma-aminobutyric  acid  (GABA)  is  a  derivative  of  glutamic  acid,  after  decarboxylation  and  hydroxylation. 
It  is  assumed  to  have  an  inhibiting  influence  on  synaptic  transmission  (Roberts  I97S).  GABA-ergic 
synapses  are  spread  widely  in  the  nervous  system.  Close  relations  are  supposed  to  exist  between  the  GABA 
system  and  the  dopaminergic  system. 

Glycine  is  a  very  simple  amino-acid.  The  synapses  using  this  mediator  are  assumed  to  be  mainly  located  in 
the  spinal  cord  and  to  have  an  inhibiting  action  ( Werman  1 967). 

(b)  The  second  group  includes  more  complex  bodies,  which  are  combinations  of  amino-acids.  These  polypeptides 
are  traditionally  related  to  hormonal  secretions.  However,  it  is  recognised  that  they  can  also  perform  a 
mediator  function.  It  was  proposed  by  Guiltcmin  to  call  them  cybemines.  They  are  selectively  tocated  in  the 
hypothalamus,  but  they  can  also  be  found  in  other  regions  of  the  central  nervous  system. 

The  influence  of  these  bodies  on  behaviour  has  been  discussed  recently  during  an  1NSF.RM  colloquium  (Gourdji 
1978). 

ACTII  and  vasopressin  are  assumed  to  play  a  part  in  memory  processes,  whereas  prolactin  and  endorphines  are 
supposed  to  exert  an  influence  on  emotion. 
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This  brief  survey  shows  the  complexity  of.  and  numerous  interactions  between  mediators.  The  distribution  of 
effects  depending  on  anatomic  locations  is  far  from  evident.  The  very  monolithic  character  of  each  system  made  up  of  a 
set  of  neurons  connected  through  a  single  neuromediator  playing  an  existing  or  inhibiting  part  at  each  stage,  may  be 
questioned.  Szabadi  (1978)  proposed  a  model  which  he  calls  “agonism-antagonisf '.  according  to  which  a  single  mediator 
might  have  both  positive  and  negative  effects  on  distinct  postsynaptic  receptor  sites.  Such  an  assumption  would  account 
for  the  paradoxical  effects  according  to  the  amounts  of  neuromediators.  as  well  as  for  the  succession,  in  time,  of  exciting 
and  inhibiting  phases  after  the  application  of  a  single  product. 

2.3  Mode  of  Action  of  Psychotropes 

The  existence  of  the  blood  brain  barrier  prevents  the  direct  transit  of  neuromediators,  either  ingested  or  injected, 
to  the  synapse  level.  Therefore,  no  medicinal  action  from  these  products  can  be  noted.  The  only  possibility  cons' .. .  in 
acting  either  on  their  genesis  or  on  their  evolution.  Research  in  this  Held  deals  mainly  with  monoamines  and 
acetylcholine. 

At  the  stage  of  the  genesis  of  the  transmitters,  the  following  factors  can  be  considered: 

the  metabolic  operation  of  the  neurons  must  be  adequate 
the  precursor  of  the  transmitter  must  be  available 

the  enzymatic  transformation  system,  especially  decarboxylases,  must  be  efficient 
transmitter  storage  must  be  effected. 

Once  released  from  the  presynaptic  neuron,  the  transmitter  must  be  able  to  convey  its  information,  which  implies 
that  it  is  possible  to  act  on: 

the  availability  of  the  post-synaptic  receptor  sites 

-  the  activation  of  the  monophosphoric  Adenyl  and  Guanine  systems. 

Finally,  the  excess  neiirotransmitter  must  be  neutralized.  This  can  be  achieved  either  by  modifying  the  enzymes  in 
charge  of  its  degradation,  or  by  acting  on  the  uptake  mechanism. 

These  various  approaches  will  be  considered  in  detail  when  the  different  products  are  studied. 


3.  METHODS  OF  STUDY 

When  faced  with  a  product  likely  to  have  a  psychostimulant  action,  several  steps  have  to  be  taken  prior  to  under¬ 
taking  tests  on  man.  Sometimes,  an  analysis  of  the  chemical  formula  provides  a  means  of  predicting  effects.  However, 
this  method  is  hazardous,  because  the  relation  between  structure  and  efficiency  is  far  from  accurate.  The  preliminary 
information  on  the  toxicity  and  pharmacodynamics  of  a  product  (absorption,  metabolism,  blood  rate,  degradation, 
excretion)  and.  in  particular,  on  its  effects  on  behaviour  will  be  provided  by  tests  on  animals.  After  ibsorbtion  the 
animals  are  subjected  to  standardized  tests  (Simon  1978).  Psychostimulants  induce  hyperactivity  which  can  be  cither 
directly  observed  or  objectively  measured  by  counting  movements.  They  facilitate  learning  and  conditioning  and  are 
antagonistic  to  hypnotics.  Certain  psychostimulants  trigger  stereotyped  licking  or  chewing  motions.  These  are  the 
amphetaminics.  The  other  psychostimulants  are  classified  in  the  neurostimulant  category. 

When  tests  are  carried  out  on  man,  the  techniques  used  to  observe  the  effects  can  be  broken  down  into  three  groups, 
clinical  evaluation,  either  direct  or  controlled  by  rating  scales,  psychometric  methods  and  physiological  records. 

Clinical  observation  is  mainly  used  in  psychiatry  on  patients.  Within  the  framework  of  studies  performed  on 
healthy  subjects,  and  other  two  methods  .ire  preferred. 

Psychometric  procedures  in-  lude  efficiency  tests  such  ?s  measurement  of  reaction  time,  attention,  memory, 
decision-making  capability,  together  with  questionnaires  concerned  either  with  relatively  permanent  personality 
features,  or  with  present  conditions. 

Physiological  recording  techniques  are  mainly  concerned  with  electro-enccphalographs.  heart  rates,  ssin  resistan  -e 
and  biochemical  quantitative  analyses 

The  objective  study  of  psychotropes  at  large,  and  psychostimulants  in  particular,  must  use  precise  methouology. 
since  the  results  obtained  can  be  biassed  in  many  way  *. 

It  should  be  pointed  out  that  it  is  more  difficult  to  bring  out  effects  on  a  healthy  subject  than  on  a  sick  subject.  As 
regards  the  latter  the  action  of  the  product  will  be  the  correction  of  a  distuibance  which  is  most  often  easy  to  observe 
In  a  healthy  subject,  on  the  contrary,  it  is  the  exaggeration  of  a  normal  function  which  is  often  observed  It  is  then 
possible  to  epply  a  technique  which  consists  in  observing  the  compensatory  effects  of  a  product  regarding  a  situation 
likely  to  impair  the  subject's  balance  prolonged  task,  phy  sical  fatigue,  sleep  deprivation,  absorption  of  sleep  inducing 
drugs,  etc. 
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Another  difficulty  arises  from  what  is  called  "the  placebo  effect".  This  effect  concerns  either  the  modifications  of 
the  state  of  a  subject  who  has  been  given  an  inactive  substance  (Placebo),  or  the  additional  effects  which  can  be  induced 
by  an  active  substance.  It  is  believed  that  approximately  one  third  of  the  population  is  affected  by  this  phenomenon.  It 
is  therefore  necessary  to  test  it  every  time  a  substance  is  investigated. 

There  are  several  levels  of  experimental  testing  (Guelfi  1 978)  which  correspond  to  precise  requirements: 

in  open  tests,  the  nature  of  the  product  used  is  known  by  the  prescriber.  the  subject  and  the  observer. 

in  blind  tests,  a  Placebo  assuming  the  same  appearance  as  the  active  product(s)  is  given  in  addition  to  this  (these) 
product(s).  This  may  tie  eithet  a  single  blind  test,  in  which  the  patient  does  not  know  whether  the  product  is 
active,  or  a  blind  evaluation,  in  which  only  the  prescriber  knows  whether  the  product  is  active,  or,  finally,  a 
double  blind  test  in  which  none  of  the  parties  are  aware.  This  is  the  only  technique  which  prevents  any  suggestion 
effects. 

The  test  is  organized  according  to  an  experimental  programme  ( Defayolle  1978)  which  may  involve  either  distinct 
groups  of  subjects  having  received  the  various  forms  of  drugs,  or  observations  on  the  same  subjects  having  received 
successively  the  various  forms  of  drugs. 

in  this  programme,  the  following  factors  will  have  to  be  considered:  number  of  measurements  (prior  to.  during  and 
after  treatment),  conditions  to  which  the  subjects  are  subjected  (fatigue,  etc.),  interval  of  time  between  the  absorption 
of  the  product  and  the  observation  of  the  impregnation  time  (acute  or  chronic  effect). 


4.  STUDY  OF  A  FEW  PRODUCTS 

In  the  first  stage,  a  place  must  be  assigned  to  the  various  psychostimulants  among  the  products  with  a  psychotropic 
action.  In  1928.  Lewin  described  five  categories: 


EUPHORICANTS: 

HYPNOTICS: 

INEBRIANTIANTS: 

PHANTASTICANTS: 

EXCITANTS: 


opium,  cocaine,  etc. 

gardenal 

alcohol 

belladonna  Peyolt 
coffee,  tobacco,  etc. 


More  recently.  Delay  and  Deniker  proposed  a  classification  in  three  broad  categories:  Psycholeptics. 
Psychoanaleptics  and  Psychodysleptics. 

The  products  of  the  first  category  reduce  the  level  of  performance  of  the  nervous  system.  They  include  hypnotics, 
characterized  by  their  action  on  sleep,  anxiolytics  or  tranquillizers,  and  neuroleptics  which  are  antipsychotic  therapeutic 
substances. 


Psychodysleptics  include  hallucinogens.  Finally,  psychoanaleptics  have  excitant  properties  and  correspond  to  the 
notion  of  psychostimulants. 


Among  the  latter,  two  broad  classes  can  be  distinguished  according  to  whether  stimulation  is  exerted  on  cognition  or 
on  the  mood.  In  the  former  case,  nooanaleptics  are  concerned,  in  the  latter  case,  thymoanaleptics. 


We  shall  deal  essentially  with  nooanaleptics.  which  we  shall  divide  into  three  categories: 

vigilance  stimulants,  or  nooalept'cs  proper 
cognition  stimulants,  or  nootropes 
neuronal  performance  regulators 


4.1  Nooanaleptics 

The  most  thoroughly  studied  products  belong  to  the  class  of  amphetamines.  However,  the  importance  of  natural 
stimulants  such  as  caffeine  and  nicotine  should  not  be  overlooked,  in  view  of  their  high  frequency  of  use.  Finally,  other 
products  having  excitant  properties  or  exerting  an  action  on  the  central  nervous  system  will  be  reviewed. 


4.1.1  A  mphetaminies  or  Psyeli  amines 


These  derivatives  bear  some  resemblance  in  structure  with  noradrcnal.n.  The  leading  product  in  this  category  is 
amphetamine. 


CHt-CM-NH. 
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Two  hours  after  ingestion,  the  highest  blood  concentration  is  observed.  The  product  accumulates  electively  in  the 
cerebral  cortex  and  the  thalamus,  and  approximately  two  thirds  is  eliminated  by  the  urinary  system  (traces  are  still  to  be 
found  one  w  •  .x  after  its  ingestion  1 

Amphetamines  have  a  threefold  action  ( Brookes  1977).  The  first  and  most  important  action  is  the  accelera¬ 
tion  of  the  release  of  catecholamines  in  the  synaptic  space.  The  second  action  is  an  inhibition  of  the  uptake  of  excess 
products,  and  the  third  and  last  action  is  an  inhibition  of  dopamine  and  noradrenalin  synthesis.  There  is  no  inhibition 
effect  on  monoaminoxidases.  nor  any  action  on  the  serotoninergic  system. 

These  phenomena  reflect  two  extremely  important  aspects: 
the  stimulation  of  the  noradregenic  systems  of  wakefulness 

the  subsequent  exhaustion,  resulting  from  a  considerable  release  of  the  mediator,  without  any  new  compensating 
synthesis. 

The  effects  of  amphetamines  are  essentially  felt  on  vigilance.  The  sensation  of  sleep  is  reduced,  psychomotor 
efficiency  is  improved,  and  the  feeling  of  fatigue  consequent  upon  efforts  is  lessened. 

From  a  psychometric  standpoint.  Eysenck  ( 1960)  did  not  record  marked  differences  in  perception,  except  higher 
pupillary  reactivity  to  light.  As  early  as  1936.  Carl  and  Turner  observed  an  improvement  of  the  cognitive  faculties  corres¬ 
ponding  to  moderate  quantities  ( 10  mg),  but  noted  a  reverse  effect  with  quantities  three  times  higher.  They  also  noted 
improved  learning  ability  in  a  coding  test,  and  favourable  modifications  of  the  subject's  mood.  The  subject  feds  calmer, 
relaxed,  less  tired  and  more  sociable.  The  most  evident  effect  is  the  reduction  of  the  monitoring  performance  deteriora¬ 
tion  during  prolonged  tasks,  as  described  in  1950  by  Mack  worth.  Mack  worth.  J.F.  (1965)  believes  that  amphetamine 
modifies  the  deterioration  of  performance  rather  than  the  initial  level  of  performance.  This  product  does  not  affect  the 
rate  of  wrong  detections  and  is  supposed  to  have  an  effect  similar  to  the  knowledge  of  results. 

Similar  conclusions  had  been  made  in  1 954  by  Payne  and  llauty  concerning  a  motor  tracking  task  on  four  indicators. 
After  a  period  of  two  hours,  no  performance  deterioration  was  noted  in  a  group  having  been  given  amphetamine,  whereas 
such  deterioration  was  apparent  in  a  control  group  without  drugs.  In  1966.  the  same  effect  was  observed  by  Seal  and 
Pearson  for  a  task  in  which  five  successive  odd  numbers  had  to  be  detected  with,  as  an  additional  task,  the  identification 
of  long  duration  sounds  among  short  duration  sounds. 

It  was  noted  by  Ivy  that,  at  the  end  of  a  twenty  hours  watch  or  car  driving,  the  absorption  of  10  mg  of  amphetamine 
improves  the  balance  of  oculomotor  coordination  in  three-dimensional  tracking,  and  reduces  the  selection  response  times 
In  addition,  this  product  minimizes  the  effects  of  .sleep  deprivation,  as  shown  by  Kometsky  and  his  collaborators  ( 1959) 
After  68  hours  of  deprivation,  the  absorption  of  amphetamine  results  in  an  improvement  in  a  “cancellation”  type  test*, 
in  a  coding  test  and  in  a  psychomotor/test  comprising  10  stimuli  and  10  responses. 

In  spite  of  these  favourable  effects,  the  drawbacks  related  to  the  use  of  amphetamine  should  not  be  overlooked.  In 
fact,  amphetamine  has  an  action  on  the  vegetative  system  ( tachycardia,  mouth  dryness,  digestive  troubles)  and.  above  all. 
it  can  induce  psychopathological  troubles  such  as  anxiety  or  even  psychosis  accompanied  by  delirium.  Without  going  to 
such  extremes,  difficulties  in  attention  focusing  can  be  noted.  Sleep  disturbances  and  loss  of  appetite  are  common 
occurrences.  All  these  signs  can  be  attributed  to  an  overdose.  However,  it  must  be  stressed  that  the  determination  of 
the  right  dose  is  associated  with  a  number  of  hazards,  as.  with  the  same  dose,  the  effects  achieved  are  largely  dependent 
upon  the  subject's  personality  factors  and  present  mental  state. 

Consequently,  this  product  should  be  used  with  great  caution,  especially  since,  even  in  right  amounts,  it  brings  about 
two  adverse  consequences  a  state  of  exhaustion  consequent  upon  the  beneficial  effect,  which,  incidentally,  may 
account  for  certain  paradoxical  effects  of  sedation,  and  especially  an  addiction  which  may  lead  to  toxicomania  Such 
cases  were  noted  for  the  first  time  in  Japan  as  early  as  1954.  About  1 968.  these  cases  spread  to  Scandinavia,  then  to 
California.  The  product  is  now  classified. 

In  addition  to  amphetamine,  other  products  have  been  used.  Almost  all  of  them  have  the  same  effect  and  the  same 
drawback'  Let  us  mention  prolint-ne  (5  10  mg),  pemoline  (20  40  mg),  methylpbenidate  ( 10  1 2  mg)  and 
fencamfamine  (10  20  m<t).  According  to  Nicholson  (private  information),  only  the  two  latter  nroducts  in  the  doses 
indicated  have  an  action  on  sleep.  They  reduce  appreciably  the  REM  phase  of  sleep  corresponomg  to  the  dreaming 
activity. 

Methylphenidate  is  supposed  to  act  on  the  elective  uptake  of  dopamine  (1’ercl  1977).  it  is  mainly  used  for  its 
paradoxical  effect  on  hyperactive  children.  In  the  latter  case,  this  product  may  have  a  normalizing  effect,  resulting  in 
improved  attention  focusing  and  reduced  restlessness  (Barkley.  R.A.  (1977);  Gabrays.  J.B.  (1977). 


Test  m  which  ;ne  subject  must  strike  oul  given  signs  or  letters  m  a  text. 
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The  use  of  a  precu:  x>r  of  catecholamines  hat  been  proposed  recently:  it  is  the  l.-Dopa:  it  is  reported  to  reduce  the 
duration  of  sleep  without  .-ny  feeling  of  fatigue,  to  increase  anxiety,  and  to  stimulate  motoricity .  Its  effects  would  there¬ 
fore  be  very  close  to  those  of  amphetamines  (  Zariflan  1965). 

Finally,  similar  effects  are  revealed  by  beta-stimulants  (Salbutamol)  which  exert  their  influence  at  the  level  of  the 
post-synaptic  receptor  ( Feline  1 977). 

112  Sutural  Stimulants 

They  belong  to  a  group  which  is  very  heterogeneous  from  the  chemical  standpoint.  Their  modes  of  action  are  also 
variable.  They  have  either  exciting  or  disinhibiting  effects.  To  start  with,  coffee,  nicotine  and  alcohol  will  be  considered, 
then  a  few  medicaments  will  be  reviewed,  the  use  of  which  could  be  contemplated  for  vigilance  stimulating  purposes. 

(a)  Caffeine  b  a  trimethylxanthine  and  is  used  either  in  the  form  of  a  decoction  of  roasted  coffee  beans,  or  in  the  form 
of  dried  tea  leaves.  It  b  well  known  for  its  tonic  effects  on  the  nen  mis  and  cardio-respiratory  systems  and  in  addition, 
offers  diuretic  properties. 

As  early  as  191 2,  Hollingsworth  studied  the  effects  of  coffee  ingestion  on  human  performance,  by  means  of  psycho¬ 
metric  methods.  He  noted  that,  for  moderate  doses  ( 1  cup),  the  associative  abilities  are  improved.  The  effect  was 
obtained  after  one  to  three  hours  following  the  ingestion  of  coffee  and  went  on  during  six  or  seven  hours. 

Apart  from  thb  beneficial  effect,  he  noted  an  increased  number  of  errors  during  a  selection  response  test,  and  a 
reduction  of  oculomotor  coordination. 

Similar  effects  were  described  by  Gilliland  in  1939.  Accelerated  performance  of  numerical  operations,  improved 
immediate  memory  of  figures,  but  reduced  motor  precision  Webs  ( 1962)  compared  the  effects  of  caffeine  with  those 
of  amphetamine.  Although  they  belong  to  different  families,  these  two  products  have  similar  modes  of  action.  Ammon 
(1973)  demonstrated  the  stimulating  effects  of  caffeine  on  the  peripheral  adrenergic  systems:  as  in  the  case  of  ampheta¬ 
mine.  thb  author  noted  an  impression  of  improved  intellectual  efficiency  accompanied  by  a  feeling  of  tension. 

(b)  Tobacco.  It  b  generally  admitted  by  smokers  that  smoking  results  in  improved  performance,  especially  as  regards 
attention.  It  b  assumed  that  nicc'.ine  acts  by  blocking  the  fixation  of  acetylcholine  on  the  post-synaptic  receptor,  and 
that  its  action  takes  place  in  two  stages:  first  excitation,  then  depression. 

When  comparing  the  results  obtained  with  smokers  *nd  non-smokers,  in  1924.  Hull  noteu  in  the  two  groups  that  the 
smoking  of  a  pipe  resulted  in  accelerated  addition  performance  among  smokers,  and  slowed  down  addition  performance 
among  non-smokers.  In  both  groups,  he  noted  a  slight  reduction  in  precision  memory  of  figures  and  speed  of  teaming. 

Carvet  ( 1934)  also  demonstrated  an  increase  of  computation  errors  and  a  reduction  of  oculomotor  coordination  after 
3  cigarettes  or  one  cigar. 

More  recently.  Johnston  (1966)  demonstrated  that  the  use  of  tobacco  leads  to  reduced  efficiency  in  a  motor 
tracking  task.  The  same  negative  effect  was  observed  by  Anderson  (1975)  for  a  verbal  learning  task.  On  the  contrary, 
favourable  effects  on  reaction  times  were  described  by  other  authors  (Myrssen  1972). 

A  last  point  should  be  highlighted.  The  protective  action  likely  to  be  exerted  by  tobacco  against  performance 
deterioration  during  prolonged  tasks.  Tarriere  ( 1 964)  demonstrated  that  the  performance  of  smokers  remained  steady  in 
a  monitoring  and  tracking  task,  while  the  performance  of  control  subjects  deteriorated.  The  same  result  was  partly 
obtained  by  Tong  (1977).  with  the  reservation  that  the  basic  performance  level  of  smokers  was  lower  than  that  of  non- 
smokers.  We  are  justified  in  wondering  to  what  degree  the  motivation  effect,  re-activated  by  smoking,  might  account 
partly  for  thb  effect. 

The  use  of  tobacco  as  psychotrope  therapeutics  cannot  be  seriously  contemplated.  Its  use  by  smokers  may  provide 
a  certain  degrer  of  assbtance  during  prolonged  tasks,  although  one  should  bear  in  mind  the  toxic  character  of  nicotine 
from  a  cardiovascular  point  of  view,  and  the  cancerigenic  hazards  associated  with  thb  habit. 

(c)  Alcohol:  its  use  is  widely  spread,  in  the  form  of  eittier  wine.  beer,  or  spirits. 

The  mode  of  action  of  alcohol  is  supposed  to  be  related  to  the  fixation  of  an  enzyme  necessary  to  the  metabolism 
of  dopamine.  This  induces  the  formation  of  an  opiate  analogue  ( Davis  1970)  Following  the  absorption  of  alcohol,  a 
phase  of  cerebral  excitation,  increased  confidence  and  loquaciousness  is  noted  in  the  first  stage,  and  this  is  why  we 
include  it  in  the  category  of  psychostimulants. 

Increased  work  has  been  established  by  ergometry,  as  well  as  reduced  fatigue  and  decreased  sensitivity  to  painful 
stimuli  (Baissct  1965). 
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However,  this  increase  of  ibilities  b  only  apparent.  For  blood  level  about  800  mg/I.  we  noted,  with  Dinand  ( 1969) 
a  slowing  down  of  vbual  reaction  times,  a  rise  in  the  number  of  errors  in  an  attention  test  (“cancellation”  test  with  three 
letters),  together  with  a  reduction  of  learning  efficiency.  This  study  revealed  that  the  most  deteriorated  aptitudes  are 
those  related  to  the  most  elaborate  functions.  Higher  doses  induce  a  state  of  depression  or  even  coma.  F.ven  dur'ng  the 
first  phase,  a  deterioration  of  objective  performance  b  observed,  that  b  to  say  only  rough  tasks  can  be  carried  out. 

(d)  Cocaine:  chewing  cola  leaves  enabled  the  Indians  to  fight  against  their  Spanish  invaders:  thb  practice  b  still  used  in 
Andean  countries  to  overcome  fatigue.  In  Europe,  it  is  the  alkaloid  which  b  used.  Its  use  was  regarded  as  normal  in  the 
19th  century. 

The  use  of  cocaine  fust  induces  a  state  of  euphoria  accompanied  by  a  will  to  act.  then  physical  and  psychic- 
weariness.  with  a  deterioration  of  the  intellectual  functions  ( Lewin  1 964). 

Cocaine  exerts  an  action  by  inhibiting  the  uptake  or  noradrenalin  and  dopamine.  It  is  listed  among  major  toxic 
products. 

4.  )..<  Seurostimukiting  Medicines 

As  a  reminder,  let  us  mention  strychnine,  which  b  thought  to  increase  sensory  perceptions,  and  picrotoxin.  These 
two  substances  are  not  used  as  psychostimulants.  However,  many  products  have  been  recently  developed:  all  of  them 
have  an  overall  stimulating  action  without  the  drawbacks  created  by  psychamincs. 

We  have  been  able  tc  demonstrate  ( 1978)  the  corrective  effect  of  amineptine  on  the  impairment  of  vigilance  induced 
by  certain  minor  psychoieptic  products  such  as  tranquillizers,  and  Caille  (1978)  revealed  the  psychoanalptic  properties  of 
a  new  molecule,  the  3726  CERM.  the  chemical  structure  of  which  has  points  in  common  with  that  of  the  beta 
adrenoceptor  antagonbts.  Within  the  framework  of  investigations  in  progress,  thb  product  b  being  studied  in  conjunction 
with  caffeine  and  mcthylphenklate.  Diethyl-amino-ethanol  (DEANOL)  and  the  related  products  proved  to  be  efficient  in 
certain  cases  of  asthenia.  They  are  thought  to  improve  the  concentration  ability  while  regulating  the  sleep  requirement 
(Schuberth.  J.  1978).  They  ase  supposed  to  act  as  precursors  of  acetylcholine  ( Eichholtz  1962). 

Parachloro-phenylananine  (PCTA)  is  an  inhibitor  of  the  synthesb  of  serotonin:  it  has  an  antagonbtic  action  on  sleep 
and  its  use  as  a  stimulant  of  vigilance  can  be  contemplated. 

4.2  Nootropes 

The  concept  of  nootrope  was  proposed  by  Giurgca  ( 1972).  Thb  class  of  products  is  reported  to  have  an  elective 
action  on  the  cognitive  faculties,  without  any  consequential  effects  on  sleep.  These  products  are  generally  derivatives  of 
synaptic  mediators,  other  than  those  belonging  to  the  group  of  psychamincs. 

4.2.1  Piracetam  b  related  to  the  gamma  aminobutyric  acid.  It  b  thought  to  exert  of  favourable  action  on  the  tum-over 
of  Triphosphoric  Adenosine,  and  the  generation  of  nucleic  ackl  which  b  supposed  to  play  a  role  in  mnemonic  fixation. 
Thb  product  settles  electively  in  the  cerebral  cortex  and  b  thought  to  facilitate  mtcrhembpheric  connections.  Mindus 
(1976)  demonstrated  that  the  absorption  of  thb  product  improves  mental  performance  in  normal  subjects  carrying  out 
psychomotor  tasks. 

4.2.2  Products  exercising  a  cholinergic  action  have  recently  been  studied  (Davb  1978).  based  on  the  assumption  that 
the  decreased  efficiency  of  the  cholinergis  system  may  account  for  amnesic  troubles  in  old  people.  It  has  been  established 
that  Physcstigmine.  which  b  a  cholinomimetic,  or  cholinesterase  inhibitor,  has  a  favourable  influence  on  man's  long  term 
memory.  During  the  same  year.  Sitram  obtained  identical  results  with  choline  and  a  recoline  which  help  the  verbal 
learning  of  a  sequence  of  10  words.  On  the  contrary,  scopolamine,  which  is  an  antagonbtic  product,  brings  about  a 
reverse  effect. 

The  antagonbtic  effects  of  scopolamine  and  physostigmine  have  been  demonstrated  by  Schuberth  (already 
mentioned).  The  former  product  b  reported  to  afTect  the  storage  of  new  information,  although  it  does  not  impair  the 
immediate  memory,  and  to  damage  the  information  already  stored  in  the  long  term  memory.  Schuberth  observed  dbtur- 
bances  of  attention,  although  less  marked  in  subjects  suffering  from  hypovigilance  induced  either  by  sleep  deprivation  or 
by  high  temperatures.  He  also  noted  a  reduction  of  REM  sleep.  On  the  contrary.  Physostigmine  compensates  the  effects 
of  sleep  deprivation,  reduces  the  hallucinations  caused  by  scopolamine,  restores  REM  sleep  and  exercises  a  stimulating 
effect  on  vigilance.  These  effects  are  nevertheless  variable  with  the  circadian  rhythm. 

4.2.3  Polypeptides  have  not  been  studied  unfit  recently.  For  the  sake  of  example,  let  us  mention  the  research  work 
conducted  by  Kastin  ( 1 975)  and  hb  collaborators  on  the  proteinic  fraction  which  co.licotropic  and  mdanotropic 
hormones  have  in  common.  Thb  Polypeptide  ACTH  4-10  which  b  oniy  made  up  of  a  chain  of  7  amino-acids,  b 
thought  to  have  a  positive  effect  on  memo**  attention  is  improved  during  sustained  tasks,  together  with  resistance  to 
boredom  (Miller  1974).  In  1976,  based  on  a  continuous  detection  task,  thb  author  demonstrated  that  thb  product 
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incream  the  percentage  of  correct  detections  and  decream  the  percentage  of  errors  by  excess  or  default.  A  more 
thorough  siudy.  centred  on  memorization,  revealed  that  tests  with  a  spatial  and  numerical  structure  are  improved  to  a 
higher  degree  than  tests  involving  verbal  stimuli. 

ACTH  4-10  is  thought  to  exercise  its  action  mainly  on  the  thalamic  reticula  without  any  repercussion  on  the 
vegetative  system. 

Research  on  Polypeptides  seems  to  be  ven  promising  as  retards  both  stimulants  and  anxiolytics.  However,  for  lack 
of  a  suitable  form  of  administration,  their  application  is  still  diPicult. 

4.3  Thy  mo  analeptics 

While  they  exert  an  elective  action  on  the  mood,  these  products  have  also  a  general  tonic  action.  They  can  be 
divided  into  two  broad  classes: 


IMIMAtllNE 


IPItONlAZtDE 


4. 3. 1  The  chemical  characteristic  of  Imwrazine  derivatives  is  a  three-cycle  structure  containing  an  atom  of  oxygen  or 
nitrogen  in  its  central  part. 

Their  action  is  twofold.  They  counteract  the  uptake  of  catecholamines,  and  they  are  antagonistic  to  acetylcholine, 
histamine  and  serotonin. 

This  action  is  dow:  one  week  approximately.  They  induce  side  effects  of  the  atropinic  type,  tachycardia,  mouth 
dryness,  perspiration,  impairment  of  accommodation,  constipation,  insomnia  and  sometimes  anxiety  are  observed. 

4.3.2  Inhibitor  of  monoamine  oxydase.  Their  name  defines  theii  mode  of  action.  They  are  chemically  characterized 
by  a  hydrazine  group:  R  NH  -  NH  R.  They  are  responsible  for  the  accumulation  of  catecholamines  and  serotonin 
due  to  non-destruction.  They  do  not  exert  any  effects  on  the  cholinergic  system. 

They  induce  secondary  effects  sir.ular  to  those  mentioned  above,  especially  as  regards  blood  pressure.  Certain  items 
of  food  have  to  be  ruled  out:  coffee,  chocolate,  bananas  and  cheese. 

For  all  these  reasons,  the  use  of  these  products  for  non -therapeutical  purposes  is  difficult,  not  to  say  impossible. 


4.4  Metaboic  Adjuvants 

This  heading  includes  all  the  products  which  are  not  directly  related  to  the  nervous  system  although  they  are 
necessary  to  the  normal  performance  of  any  cell,  particularly  the  neuron. 

Certain  mineral  ions  such  as  Potassium.  Sodium.  Calcium  and  Ma  m  -  aum  play  a  determinant  part  in  the  balance 
between  intra-  and  extra-cellular  media.  Under  normal  conditions,  a  deficiency  is  exceptionally  found. 

The  nutrition  of  the  cell  involves  the  metabolism  of  glucides,  and  the  input  of  intermediary  products  of  the  combus¬ 
tion  cycle  may  well  be  regarded  as  a  useful  contribution.  Sugars,  which  include  glucose,  fructose  are  to  be  found,  of 
course,  but  abo  triphosphoric  Adenosine,  as  well  as  glutamic,  aspartic,  succinic  etc.  acids. 

The  supply  of  basic  products  is  necessary  to  the  building  up  of  the  cells  themselves  amino-acids,  tryptophmne. 
methionine,  phenylalanine,  glycine,  nucleic  acids. 


Finally,  it  may  be  useful  to  provide  metallic  regulators  in  order  to  modulate  combustion,  for  example,  centro- 
phenoxine  and  heptaminol.  as  well  as  vitamins  ('  and  those  of  the  B  group,  and  certain  anabolistic  hormones  Icorticoids 
and  male  hormones). 


All  these  products  are  present,  to  some  degree,  in  the  composition  of  medicine  called  antiasthenics.  Their 
biochemical  efficacy  is  moderate;  however,  they  may  provide  some  degree  of  assistance,  at  least  psychologically,  to 

I  the  Mad  of  support  in  situations  requiring  sustained  mental  activity. 
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5.  EXPLANATORY  MODEL 

As  mentioned  in  the  previous  paragraph,  certain  products  are  capable  of  enhancing  the  efficiency  of  the  various  links 
in  the  data  processing  sequence:  input,  storage  and  intellectual  operations.  With  the  exception  of  noo tropes,  which  are 
still  insufficiently  known,  and  adjuvants,  the  effkacify  of  which  is  minor,  all  these  products  exert  an  action  on  activation 
in  general.  In  fact,  we  have  noted  the  important  part  played  by  catecholinergic  systems  in  the  mechanisms  of  wakeful¬ 
ness.  In  the  model  which  we  presented  previously  (DefayoUe  -  1 968).  the  activation  concept  played  the  principal  part, 
and  the  curvilinear  relation  between  activation  and  performance  was  stressed.  In  the  same  year,  Legewie  proposed  the 
application  of  this  pattern  to  the  efficacy  of  psychotropes. 

According  tc  this  model,  and  in  the  case  with  which  we  are  concerned  -  that  of  stimulants  -  we  mu.  anticipate  a 
positive  effect  in  hypo-activated  subjects,  and  a  negative  effect  in  hyper-activated  subjects. 

By  hypo-  or  hyper-activated.  Legewie  means  a  stable  personality  factor  corresponding  broadly  to  the  following  two 
types:  introverts  (hyper-activated)  and  extroverts  (hypo-activated),  as  defined  by  Eysenck  This  pattern  must  be 
extended  to  the  dynamic  aspects,  and  incorporate  the  task,  the  environment,  the  motivation,  etc.. 

It  is  thus  possible  to  account  for  the  paradoxical  effect  of  deterioration  by  relative  overdose  of  activation. 

According  to  our  assumption,  the  curvature  of  the  function  was  ascribed  to  the  antagonistic  effect  of  two  functions: 
the  data  processing  capacity  evolving  in  the  same  direction  as  activation,  and  the  screening  capacity  deteriorating  with 
activation.  It  is  the  latter  phenomenon  which  seems  to  account  for  the  die-away  of  the  second  part  of  the  curve. 

A  means  of  avoiding  performance  deterioration  might  consist  in  reinforcing  the  filtering  processes. 

These  seem  to  jc  under  the  control  of  the  cholinergic  system:  therefore,  research  should  be  oriented  towards 
products  belonging  to  this  category. 

We  have  considered  only  direct  effects  upon  performance:  however,  the  effects  exerted  at  a  lower  level  of  integra¬ 
tion  must  not  be  overlooked  as  they  can  modify  performance. 

Activation  phenomena  are  usually  accompanied  by  unpleasant  neuro-vegetative  manifestations:  perspiration, 
digestive  troubles,  tachycardia  likely  to  create  interference  stimulations  affecting  the  subject’s  efficiency.  In  addition  to 
these,  motor  phenomena,  such  as  tremor,  impede  the  performance  of  tasks  demanding  precise  motor  coordination. 

The  pattern  which  has  just  been  presented  deals  with  the  neuropsychological  aspect  of  the  problem.  We  would  be 
wrong  if  we  regarded  it  as  sufficient,  because  the  biological  pole  does  not  account  for  the  symbolic  aspect  which  is 
peculiar  to  man. 

The  semantic  aspect  significance  assumes  an  unquestionable  importance.  Modulating  the  data  processing  capacity 
and  filtering  by  increasing  them  does  not  relate  directly  to  the  objectives  pursued  by  these  processes.  Enhancement 
of  a  human  being's  potential  is  pointless  unless  it  is  oriented  in  a  desired  direction.  This  potential  may  assume  the  form 
of  efficiency,  anxiety  or  aggressiveness,  and  thb  form  does  not  necessarily  depend  on  biochemical  phenomena.  Therefore, 
the  use  of  drugs  provides  only  a  partial  solution  to  th.  problem  o*"  efficiency  enhancement. 


6.  INDICATIONS  OF  PSYCHOSTIMULANTS 

The  use  of  psychostimulants  can  be  motivated  by  two  reasons  which,  in  outline,  coincide  with  the  two  broad 
classes  of  products  considered  above:  nooanaleptics  and  nootropes. 

In  the  first  case,  the  major  problem  is  that  of  the  maintenance  of  vigilance,  eith-..  to  avoid  its  deterioration  during 
prolonged  tasks,  or  to  avoid  the  induction  of  sleep  resulting  from  a  demption  of  the  normal  rhythms  of  sleep  and 
wakefulness.  In  this  case,  the  use  of  amphetaminics  is  obviously  the  mos:  efficient.  However,  it  should  be  borne  in  mina 
that  such  products  may  lead  to  hypervigilance  induced  disturbances,  with  lack  of  attention  focusing,  as  well  as  prejudicial 
side  effects,  psychomotor  disorder,  loss  of  appetite,  anxiety  and  agitation.  Ir.  addition,  their  effects  are  followed  by  a 
period  of  physical  and  intellectual  depression.  These  products  should  therefore  be  used  only  on  an  exceptional  basis, 
for  relatively  brief  periods,  and  in  quantities  adapted  to  each  user. 

For  prolonged  use.  the  natural  stimulant  provided  by  caffeine  seems  ..  offer  more  flexibility,  although  the  danger 
of  an  overdose  must  .iso  be  avoided.  As  mentioned  earlier  in  this  paper,  tobacco  cannot  be  considered  as  a  true 
psychostimulan.:  however,  it  i-  of  useful  assistance  to  habitual  smokers. 

When  the  purpose  in  view  is  an  enhancement  of  intellectual  performance,  the  problem  is  more  complex.  Nootropes 
have  only  been  recently  introduced,  and  the1*  application  is  often  difficult  and  inadequately  codified.  While,  in  our 
opinion,  they  may  hold  good  promises  for  the  •Vtute.  we  shall  have  to  be  content  with  medications  of  lesser  efficiency: 
some  neurostimulants  can  be  used,  together  with  metabolic  adjuvants. 
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Whatever  may  be  the  products  used,  there  is  always  a  risk  of  pharmacological  dependence. 

Pharmacological  dependence  is  described  as  “a  psychic  and  sometimes  physical  state  resulting  from  the  interaction 
between  a  living  organism  and  a  drug.  This  interaction  is  characterized  by  behavioural  modifications  and  other  reactions 
which  always  compel  the  user  to  take  the  drug  continuously  or  periodically  in  order  tc  find  again  its  psychic  effects  and 
sometimes  to  avoid  the  discomfort  created  by  deprivation”.  (Eddy  1965). 

Drug  tolerance  is  characterized  by  a  lowering  of  the  product  efficacy,  leading  to  increased  consumption. 

One  differentiates  between  psychic  dependence,  related  to  a  wish  to  experience  enjoyment  or  avoid  discomfort, 
and  addiction,  which  leads  to  considerable  disturbances  when  the  use  of  the  product  is  interrupted. 

As  far  as  psychostimulants  are  concerned,  only  psychamines,  cocaine  and  alcohol  (at  least  in  the  initial  phase)  create 
a  physical  dependence. 

As  regards  the  otner  products,  the  pleasant  effects  created  by  their  use  may  lead  to  a  psychic  dependence,  and  the 
suppression  of  the  habit  may  be  difficult;  this  is  an  additional  reason  why  their  use  should  only  be  considered  under 
exceptional  circumstances.  Prior  to  resorting  to  pharmacological  means,  the  possibility  of  modifying  the  conditions 
under  which  the  tasks  are  performed  should  always  be  considered:  schedule  or  work,  level  of  difficulty,  training  of 
personnel:  such  solutions  are  often  more  efficient  and  less  harmful. 

The  best  stimulant  of  *ne  nervous  system  b  unquestionably  motivation,  and  efforts  should  be  made  in  thb  direction. 

Pharmacological  aids  should  he  used  as  a  last  resort,  when  we  find  ourselves  faced  with  the  impossibility  of  acting 
through  these  non  aggressive  means. 
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HYPNOTICS  AND  THE  MANAGEMENT  OF  DISTURBED  SLEEP 

A  N  Nicholson.  R  G  Borland  and  Barbara  K  Stone 
Royal  Air  Force  Institute  of  Aviation  Medicine 
Farnborough,  Hampshire.  United  Kingdom 


Over  the  past  few  years  there  has  been  increasing  interest  in  the  effect  of  drugs  on  performance,  and 
with  hypnotics  interest  has  centred  around  residual  effects  after  sleep  -  the  so-called  'hangover'.  There 
is  little  doubt  that  many  of  the  currently  available  hypnotics  modify  well-being  and  impair  performance 
during  the  early  part  of  the  day  after  overnight  ingestion,  but  it  is  not  so  widely  appreciated  that 
impaired  performance  may  persist  well  into  the  working  day,  and  to  the  evening,  and  that  there  may  be 
difficulties  in  appreciating  that  performance  is  impaired.  Residual  effects  have  tended  to  be  accepted  as 
an  inevitable  concomitant  of  an  effective  hypnotic,  but  the  need  to  avoid  impaired  performance  in  those  who 
carry  out  s’.illed  work  has  prompted  the  search  for  hypnotics  with  effects  on  performance  which  are  minimal 
or  contained  within  the  sleep  period. 

We  are  concerned  with  the  occasional  use  of  hypnotics  by  those  who  carry  out  skilled  work.  The  benzo¬ 
diazepines  are  the  most  likely  to  prove  useful,  and,  though  many  were  introduced  as  anxiolytics,  it  would 
appear  that  most,  if  not  all,  modify  sleep.  However,  careful  consideration  must  be  given  to  the  choice  of 
an  hypnotic,  as  a  drug  with  a  short  duration  of  action  without  residual  effects  on  performance  is  required. 
The  effect  of  hypnotics  on  performance  is  an  important  consideration,  and  several  centres  using  different 
techniques  to  assess  impaired  performance  in  man  are  involved  in  such  studies.  There  is  wide  agreement  on 
the  appearance  and  persistence  of  impaired  performance  with  benzodiazepines,  though  we  will  be  concerned 
mainly  with  studies  on  visuo-motor  coordination  -  a  skill  particularly  sensitive  to  hypnotics.  Studies  on 
visuo-motor  coordination  have  provided  comparative  data  on  many  of  the  benzodiazepines  available  as  hyp¬ 
notics,  though  performance  from  ocher  laboratories,  as  well  as  other  studies,  will  be  included  to  indicate 
their  appropriate  clinical  use. 

PERFORMANCE  STUDIES 

In  the  assessment  of  visuo-motor  performance  in  man  (Borland  &  Nicholson,  1974)  subjects  position  a 
spot  inside  a  randomly  moving  circle  displayed  on  an  oscilliscope.  The  movement  of  the  spot  is  controlled 
by  a  hand-held  stick,  and  an  error  signal,  proportional  to  the  square  of  the  distance  between  the  spot  and 
the  centre  oi  the  circle,  controls  the  difficulty  of  the  task  by  modulatinq  the  mean  amplitude  of  the 
movement  of  Che  circle.  Suet  studies  are  usually  carried  out  in  healthy  subjects  who  are  required  to  avoid 
alcohol,  and  are  not  involve*,  in  any  other  form  of  cherapy.  Subjects  familiar  with  such  skills  require 
several  days  of  practl-e  to  reach  a  steady  level  of  performance,  but  inexperienced  subjects  may  require 
2-3  weeks.  The  effects  of  the  drug  should  oe  studied  over  several  'ours,  and  involve  5  or  6  assessments  of 
performance.  With  visuo-motor  coordination  each  assessment  involve*,  a  tracking  run  of  10  min,  and  the  mean 
amplitude  oi  the  task  over  the  final  500  secs  may  be  taken  as  the  performance  measure.  Experiments  are 
separated  by  at  ■  'St  a  week,  and  trials  are  double  blind  with  placebo  and  drugs  being  presented  in 
identical  form  an.  in  random  order. 

Bar1- ' turate 3 ■  Though  barbiturates  may  be  of  less  importance  now  in  the  management  of  insomnia,  they  are 
n  v  iheless  used  to  a  considerable  extent.  It  is  important  to  realise  that  with  the  usual  dose  ranges 
re  iual  effects  on  performance  are  likely,  and  that  decrements  in  performance  are  related  to  dose,  both  in 
their  persistence  and  in  their  severity  ac  given  time  intervals  after  ingestion.  In  the  context  of  residual 
effects  on  performance  heptabarbi tone  is  of  particular  interest  as  it  has  a  relatively  short  half  life 
7.7  h)  compared  with  most  of  the  other  barbiturates  used  as  hypnotics  (Clifford,  Cookson  &  Wickham,  >974) , 
and,  so  amo.q  the  barbiturates,  it  is  likely  to  have  the  least  persistent  effects  on  performance.  However, 
though  the ce  is  no  substantial  accumulation  with  the  200  mg  dose  (Breimer  &  DeBoer,  1975),  decrements  in 
performance  have  been  detected  10  h  after  ingestion.  The  usual  dose  range  for  heptabarbi tene  is  200-400  mg, 
and  with  400  mg  decrements  in  performance  may  persist  to,  at  least,  19  h  after  ingestion.  Impaired  per¬ 
formance  at  the  JO  h  interval  increases  over  the  dose  range  200-400  mg,  and  though  at  13  h  no  decrement  in 
performance  can  be  established  with  200  mg,  impaired  performance  is  seen  with  300  and  400  mg  (Fig  I) . 

Similar  decrements  in  performance  in  visuo-motor  coordination  have  been  observed  with  pentobarbitone  sodium 
(Borland  &  Nicholson,  1975a) . 

Other  studies  with  barbiturates  have  also  shown  persistent  impairments  of  performance  (Von  Felsinger, 
Lasagna  s  Beecher,  1953;  Kornetsky,  Vates  s  Kessler,  1959;  McKenzie  &  Elliott,  1965;  Malpas,  Rowen,  Joyce 
&  Scott,  1970;  Bond  &  Lader,  1972;  Hart,  Hill,  Bye  Wilkinson  &  Peck,  1976),  and  it  is  evident  that 
impaired  performance  persists  much  longer  with  the  aigher  doses  which  are  still  with<n  the  usually  accepted 
tuerapeutic  range.  The  effects  of  barbiturates  given  over-night  need  careful  attention,  and  residual 
impaiiments  of  performance  may  be  an  inevitable  sequel  of  their  use. 

Benzodiazepines.  Studies  on  the  effect  of  diazepam,  flurazepam  hydrochloride  and  nitrazepam  on  perfor¬ 
mance  in  man  have  also  been  carried  oat  using  visuo-motor  coordination,  and  show  that  the  persistence  of 
impaired  performance  with  diazepam  is  much  less  than  that  with  flurazepam  hydrochloride  and  nitrazepam 
(Fig  2).  with  10  mg  diazepam  impaired  performance  is  observed  for  a  few  hours  after  ingestion,  but  with 
nit  pan  and  flurazepam  hydrochloride  impaired  performance  persists  well  into  the  neyt  workina  day.  The 
li  ,  1  duration  of  impaired  performance  with  diazepam  is  of  particular  interest,  as  thouqh  it  has  pro- 

no  ,  ed  initial  effects  on  performance  its  relatively  short  equilibratton  half  life  (De  Silva,  Koechlin  f. 
Bade  ,  1966)  is  associated  with  recovery  within  a  few  hours  (Borland  &  Nicholson,  1975b;  Clarke  f, 

Nicholson,  1978).  It  would  also  appear  that  subjects  retain  their  ability  to  appreciate  their  impaired 
performance  with  diazepam,  and  so,  overall,  it  may  prove  to  be  useful  as  an  hypnotic  for  those  who  carry 
out  skillet,  work. 

On  the  other  hand  impaired  performance  with  nitrazepam  persists  throughout  the  next  working  day,  and 
with  daily  administration  there  is  evidence  of  accumulation.  With  flurazepam  hydrochloride  recovery  of 
performance  is  seen  during  the  early  afternoon,  but  there  is  also  substantial  accumulation  of  its  major 
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Fig  i 

Change  in  performance  (arbitrary  units)  in  visuo-aotor  coordination  after  ingestion  of 
200,  300  a  400  ag  heptabarbito- - .  2nd  200  ag  pentobarbitone  sodiua  (Significance 
levels  *  P  <  0.0S,  ••  P  <  t-‘  .nd  •**  P  <  0.001) . 


Fig  2 

Change  in  perforaance  (arbitrary  units)  in  visuo-aotor  coordination  liasediately  after 
ingestion  of  10  ag  diazepam,  and  during  the  morning  after  the  overnight  ingestion  of 
30  mg  flurazepaa  hydrochloride  and  10  mg  nitrazepam  (Significance  levels  •  p  <  0.05, 

••  P  C  0.01  and  »•«  P  <  o.ooi)  . 

metabolite  vith  daily  ingestion  (Breimer,  1977) .  It  is  also  important  to  realise  that  with  nitrazepam  sub¬ 
jects  may  consider  that  it  is  no  lonjer  exerting  a  deleterious  effect  on  their  performance  even  though  their 
performance  is  impaired,  whereas  with  flurazepam  hydrochloride  subjects  would  appear  to  be  able  to  assess 
changes  in  their  performance  and  identify  impaired  performance  (Borland  *  Nicholson,  1975a) .  The  residual 
effects  of  nitrazepam  and  flurazepam  hydrochloride  suggest  that  performance  of  complex  skills  may  well  be 
impaired  throughout  most  of  the  working  day  with  overnight  Ingestion  of  doses  which  arc  within  the  normal 


therapeutic  rang*,  and  that*  obaarvatlona  have  b**n  supported  by  other  workers  (Malpas,  Rowan.  Joyce  t 
Scott,  1970)  Bond  *  Lader,  1973) . 
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Diazepam  and  Its  hydroxy lated  metabolites.  though  N -dame thy ldiazepasi  (nordiazepam)  la  the  major 
metabolite  of  diazepam,  and.  Ilk*  dlasepaai,  possesses  hypnotic  activity,  the  other  aetabolitas  are  of  con¬ 
siderable  interest  (Pig  3) .  cooperative  stud!*',  have  been  carried  out  on  the  effects  of  diazepam. 


Fig  3 

The  hydroxy lated  metabolites  of  (a)  diazepam  are  (b)  3-hydroxydiazepam  (temazepam)  and 
(c)  3-hydroxy, N-dtsaethyldiazepam  (oxazepam). 

3-hydroxydiazepam  (temazepam)  »nd  3-hydroxy, N-dismethyldiazepam  (oxazepam)  on  visuo-motor  coordination  in 
man.  With  the  overnight  ingestion  of  5  a  10  mg  diazepam,  10  a  20  mg  temazepam,  and  15  s  30  mg  oxazepam 
visuo-motor  coordination  .»  Mt  impaired  the  next  day,  but  there  is  a  trend  of  impaired  performance  10  h 
after  Ingestion  of  temazepam  when  the  dose  range  is  extended  to  30  mg,  and  performance  the  next  day  is 
impaired  with  15  mg  diazepam  and  45  mg  oxazepam  overnight  (Figs  4-6) . 

An  important  point  is  that  the  three  benzodiazepines,  diazepam,  temazepam  and  oxazepam,  have  dose 
ranges  free  of  residual  effects,  and  this  observation  is  supported  by  studies  on  their  imediate  effects  on 
performance.  With  the  ingestion  of  10  mg  diazepam  and  20  mg  temazepam  recovery  occurs  within  a  few  hours, 
and,  though  with  30  mg  oxazepam  absorption  may  be  delayed,  performance  recovers  within  6-7  h  (Fig  7)  .  These 
observations  are  in  agreement  *>lth  other  studies.  Similar  results  have  been  reported  with  diazepam  on  per¬ 
formance  related  to  driving  (SeppSIS,  Kortilla,  H&kkinens  &  Linnoila,  1976),  and  in  a  variety  of  tasks 
including  auditory  vigilance  and  reaction  time  (Hart,  Hill,  Bye,  Wilkinson  &  Peck,  1974).  With  temazepam 
the  results  with  visuo-motor  coordination  are  comparable  with  those  of  Hindmarch  (1975),  and  other  workers 
have  observed  the  slow  onset  of  impaired  performance  with  oxazepam  (Molander  4  Duvhok,  1976) . 

Nordiazepam  and  its  precursor,  potassium  clorazepate.  With  nordiazepam  (5-10  mg)  it  is  difficult  to  be 
certain  of  effects  on  performance,  though  over  several  hours  a  gradual  decline  in  performance  may  appear 
(Fig  8).  Similarly,  with  the  overnight  ingestion  oi  potassium  clorazepate  (15  mg),  there  is  no  immediate 
residual  impairment,  but  perforoance  levels  may  decline  during  the  day  (Borland  a  Nicholson,  1977;  Clarke  i 
Nicholson,  1978) .  It  would  appear  that  nordiazepam  (Tansella,  Zisnerman-Tansella  &  Lader,  1974;  Falva  & 
Linnoila,  1976),  and  potassium  clorazepate  have  limited  effects  on  performance,  rnd  though  they  may  impair 
the  ability  of  subjects  to  maintain  a  high  level  of  performance  over  several  hours,  this  effect  may  be 
overcome  by  increased  effort. 

STUDIES  ON  SLEEP 


To  establish  the  effectiveness  of  the  benzodiazepines  which  could  be  useful  for  those  involved  in 
skilled  activity,  studies  on  sleep  have  been  carried  out  in  healthy  volunteers.  Subjects  are  usually 
required  to  refrain  from  napping  and  undue  exercise,  and  to  abstain  from  caffeine  „nd  alcohol  on  the  days 
which  Involve  sleep  recordings.  The  studies  are  carried  out  in  laboratories  which  are  usually  sound 
attenuated  and  may  be  temperature  and  humidity  controlled.  Electroencephalography  is  used  with  electrodes 
placed  according  to  the  10:20  system.  The  electromyogram  (submental  musculature)  and  the  electro¬ 
oculogram  are  also  recorded  to  differentiate  between  rapid  eye  movement  (REM)  and  slow  wave  sleep.  The 
record  is  analysed  by  30  sec  epochs  into  sleep  stages.  The  studies  have  been  published  in  detail  vlseuhere, 
but  T’ble  1  siianarises  the  effect  of  diazepam  and  its  hydroxylated  metabolites  in  do  le  ranges  free  of 
residual  effects  on  performance,  as  well  as  that  of  nordiazepam  and  its  precursor,  potassium  clorazepate. 


Fig  4 

Chang*  in  perforaanc*  (arbitrary  unit*)  in  visuo-aotor  coordination  1— dlafly  after 
ingestion  of  lo  ag  diaxepaa,  and  during  the  aorning  after  overnight  ingestion  of  S,  10 
IS  ag  diasepaa  (Significance  levels  *  P  <  0.05;  ••  p  <  o.Ol  and  P  <  0.001) . 
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Fig  6 

Change  in  performance  (arbitrary  units)  in  visuo-aotor  coordination  ianediately  after 
ingestion  of  30  mg  oxazepam,  and  during  the  morning  after  overnight  ingestion  of  IS,  30 
a  45  ag  oxazepam  (Significance  levels  *  P  <  0.05,  ••  P  <  0.01  and  P  <  0.001) . 
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Fig  7 

Change  in  performance  (arbitrary  units)  in  visuo-motor  coordination  immediately  after 
ingestion  of  10  mg  diazepam,  20  mg  temazepam  and  30  mg  oxazepam  (Significance  levels 
*  P  <  0.05,  •»  p  <  0.01  and  •**  P  <  0.001).  Thcje  are  the  maximum  doses  of  each 
hypnotic  which  are  unequivocally  free  from  residual  effects  on  performance  after 
overnight  ingestion. 
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Fig  8 

Change  in  performance  (arbitrary  units)  in  visuo-motor  coordination  iomediately  after 
ingestion  of  5  i  10  og  nordiazcpoD,  and  during  the  morning  after  the  overnight  ingestion 
of  5  i  lo  ag  nordiazepam  and  15  og  potassium  clorazepate  (Significance  levels  *  P  <  0.05, 

••  P  <■  0.01  and  •••  P  <  0.001). 

Diazepam  and  its  hydroxylated  octabolites.  The  effect  of  diazepam  (5-10  mg)  is  limited  to  the  night 
of  ingestion  (Nicholson,  Stone  k  Clarke,  1976) .  Total  sleep  time  is  marginally  increased,  and  sleep  onset 
latencies  and  awakenings  are  reduced.  There  are  no  other  effects.  Diazepam  has  a  limited,  though  useful, 
hypnotic  activity  in  oan  m  which  awake  activity  is  depressed.  With  temazepam  (10-20  og)  there  is  an 
increase  in  total  sleep  tine,  and  sleep  onset  latencies  and  awakenings  are  reduced.  Temazepam  reduces  the 
duration  of  drowsy  as  well  as  awake  activity,  and  the  effect  of  drowsy  sleep  is  seen  throughout  the  night. 
Like  diazepan  (5-10  og) ,  there  are  no  effects  on  slow  wave  and  REM  sleep,  except  that  the  appearance  of 
the  first  REM  period  Is  delayed  (Nicholson  a  Stone,  1976) .  Oxazepam  (15-30  mg)  has  a  marked  effect  on 
sleep.  It  increases  total  sleep  time  and  reduces  the  duration  of  awake  activity  and  of  drowsy  sleep 
(Nicholson  a  Stone,  1978) .  There  is  no  evidence  of  change  in  slow  wave  or  REM  sleep,  and  it  is  not 
possible  to  establish  an  effect  on  sleep  onset  latency  -  a  finding  consistent  with  pharmacokinetic  data 
which  suggests  slow  absorption. 

Nordiazepam  and  its  precursor,  potassium  clorazepate.  Both  drugs  shorten  sleep  onset  latencies  and 
reduce  awakenings,  while  latency  to  stage  3  is  also  reduced  by  nordiazepam.  Nordiazepam  (5-10  rog)  and 
potassium  clorazepate  (15  mg)  reduce  the  duration  of  awake  activity  and  drowsy  sleep,  and  there  are 
increases  m  total  sleep  time.  No  effects  are  observed  on  REM  sleep,  except  that  the  appearance  of  the 
first  REM  period  is  delayed  by  potassium  clorazepate.  The  effect  of  10  mg  nordiazepam  and  15  mg  potassium 
clorazepate  would  appear  to  be  comparable,  and  each  modifies  sleep  for  about  28-30  h  after  ingestion 
(Nicholson,  Stone,  Clarke  a  Ferres,  1976) . 

SLEEP  DURING  THE  DAY 


It  is  well  established  that  the  response  of  man  to  many  drugs  varies  with  time  of  day  (Reinberg  k 
Halbcrg,  1971),  and  that  the  effectiveness  of  a  drug  may  exhibit  circadian  rhythmicity.  Circadian  activity 
has  been  observed  with  the  barbiturates  (Pauly  k  Sheving,  1964),  and  a  benzodiazepine  (Marte  &  Halberg, 
1961),  and  so  it  is  possible  that  circadian  effects  may  influence  the  activity  of  hypnotics  in  man.  The 
relative  activity  of  hypnotics  during  the  night  may  not  be  reflected  at  other  times  of  the  day,  and  it  is 
in  this  context  that  studies  on  the  effect  of  diazepam  and  two  closely  related  benzodiazepines,  its  hydroxy¬ 
lated  metabolites  3-hydroxydlazcp«m  (temazepam)  and  3-hydroxy ,N-desmothyldiazepam  (oxazepam)  have  been 
extended  to  sleep  during  the  day.  Though  it  is  appreciated  that  such  studies  may  not  accurately  reflect  the 
patterns  of  sleep  disturbance  under  operational  conditions,  they  do  nevertheless  provide  some  indication  of 
the  likelihood  of  an  hypnotic  being  effective  at  times  other  than  when  the  rest  period  coincides  with  the 
circadian  desire  for  sleep.  In  these  studies  -xj  .riments  involved  one  afternoon.  The  subjects  slept  at 
hooe  for  the  night  preceding  the  cftc-’  jn  sloe.  .  and  reported  to  the  laboratory  at  12.30  h.  The  subjects 
retired  to  bed  at  14.00  h,  and  tne  lights  were  turned  off  Immediately.  They  were  allowed  to  rise  fi  m  bed 
at  20.00  h. 

Hypnotic  activity  during  the  day  of  diazepam  and  its  metabolites  differ,  and  these  differences  may  not 
relate  to  the  effect  of  the  drugs  on  sleep  during  the  night.  Diazepam  reduces  awake  activity  and  only  mar¬ 
ginally  increases  total  sleep  time  at  night  (Nicholson,  Stone  k  Clarke,  1976),  whereas  during  the  day  there 
is  a  marked  Increase  in  total  sleep  time  with  reduced  drowsy  (stage  1)  sleep.  On  the  other  hand  temazepam 
and  oxaxepam  have  less  hypnotic  activity  during  the  day  than  would  be  expected  .from  night-time  studies 
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Fig  9 

Sleepolarogrjjo:  change  in  duration  of  the  coeibined  sleep  stages  2.  3,  4  and  REX  for 
2.0-3.0  h  of  an  afternoon  sleep  from  1400  h. 

It  can  be  seen  that  the  sleep  tine  (ie  total  stage  2,  3,  4  and  REM)  for  both  day  tine  and  night  tine 
sleep  increase  up  to  the  first  3  hours  in  bed.  At  the  end  of  the  3  hour  period  the  total  sleep  tine  for 
day  tine  sleep  is  just  over  130  ninutes  whereas  that  for  night  tine  sleep  is  about  ISO  ninuces.  The  effect 
of  drugs  at  this  tine  is  that  day  tine  sleep  with  1C  sg  tesvazepaa  or  S  mg  diazepam  produces  the  sane  total 
sleep  as  that  which  would  be  expected  with  night  tine  sleep  without  drugs. 
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Table  1 

Effect  of  dlatepaa  end  related  1,4-bensodiasepine*  (eg)  on  sleep  in  healthy  nan. 

Changes  in  sleep  measures  are  given  as  significance  levels  (•  8  <  0.05,  ••  p  <  o.oi, 

p  <  0.001) . 

(Nicholson  a  Stone,  1976,  1978) .  Mlth  ta—iep—  there  is  no  increase  in  total  sleep  tine,  though  the  dis¬ 
tribution  of  sleep  stages  is  changed  with  reduced  awake  activity  and  drowsy  sleep,  while  with  osasepan 
total  sleep  tine  is  increased  without  changes  in  awake  activity  or  drowsy  sleep,  it  would  appear  that 
dlarepan  preserves,  or  even  enhances,  its  hypnotic  effect  at  night  for  sleep  during  the  day,  but  that 
osasepan  increases  total  sleep  tine  without  reduced  awake  activity  and  drowsy  sleep,  aid  that  taamzepaa 
reduces  awake  activity  and  drowsy  si  “top  without  an  increase  in  total  sleep  tine. 

There  nay  be  several  explanations  for  the  relative  changes  in  the  hypnotic  activity  of  such  similar 
drugs  between  day  and  night,  but  the  question  arises  whether  the  effect  of  osasepan  and  teaaxepaa,  but  not 
dlazepas,  are  Modified  by  circadian  influences.  A  priori  it  would  be  expected  that  drugs  with  siailar 
structures,  like  diazepan  and  its  hydroxy la ted  Metabolites,  would  be  affected  in  the  tier  Manner  by  circadian 
rhythnicity,  but  Muller  (1973) .  in  a  comparison  of  the  activity  of  a  long  and  a  short-acting  barbiturate  in 
the  rat,  showed  that  the  ahort-octlng  drug,  hsxobarbitooe.  produced  the  longest  sleeping  tine  when  given 
at  the  end  of  the  light  period,  whereas  the  long-acting  drug,  phenobarbitone,  produced  the  longest  sleeping 
tine  whan  given  at  the  early  part  of  the  light  period.  These  differences  in  activity  were  related  to 
changes  in  liver  structure  between  the  early  dark  period  and  the  early  light  period.  Phenobarbitone  given 
at  the  beginning  of  the  light  period  produced  no  changes,  but  the  sane  dose  given  at  the  beginning  of  the 
dark  period  led  to  dilatation  and  fragaantatlon  of  the  endoplasmic  retlculua. 

Siailar  Mechanises  nay  he  involved  in  the  differential  effects  of  diazepan  and  its  Metabolites  on  sleep 
during  the  day  and  during  the  night,  as  it  is  the  aetabolian  of  diazepan  only  which  gives  rise  to  a  long- 
acting  Metabolite,  N - deans thy ldlazepan  (nordiazepaa)  .  It  is  possible  that  diazepan,  tanazepaa  and  oxazepan 
are  Metabolized  in  a  similar  Banner  at  the  same  tine  of  the  day,  but  that  nordiazepaa  with  its  peculiar 
long  half-life  of  several  days  any  not  be  susceptible  to  the  sane  influences,  and  so  the  effect  of  tenazepaa 
and  oxazepam  aay  vary  froa  that  of  diazepan  at  certain  tlaes  of  ingestion.  It  is  not  possible  to  pursue 
these  considerations  further  with  the  data  available,  but  the  studies  suggest,  at  least,  that  circadian 
influences  aay  be  relevant  to  the  differential  activity  of  closely  related  hypnotics  in  aan  at  various  tines 
of  the  day. 

CONCLUSIONS 

It  is  evident  froa  these  studies  carried  out  in  healthy  aan,  that  some  guidelines  can  now  bs  given  for 
the  occasional  use  of  hypnotics  in  the  management  of  sleep  when  impaired  performance  the  next  day  would  be 
unacceptable.  The  prolonged  effect  of  nordiazepaa  and  potassiua  clorazepate  would  suggest  that  these  com¬ 
pound*  are  wore  appropriate  in  the  management  of  insomnia  secondary  to  anxiety,  in  which  a  persistent  day¬ 
time  anxiolytic  effect  with  minimal  effects  on  performance  is  required,  while  diazepam  and  its  hydroxy lated 
metabolites,  tenazepaa  and  oxazepam,  are  appropriate  in  the  management  of  disturbed  sleep  when  a  residual 
effect  during  the  day  after  overnight  ingestion  is  to  be  avoided. 

However,  there  ere  certain  points  which  should  be  taken  into  consideration  in  the  use  of  hypnotics. 

Mith  daily  Ingestion  of  diazepam  (5-10  ag) ,  Its  long-acting  metabolite,  nordiazepaa,  could  accusulate, 
and  so  the  dose  of  diazepm  should  not  only  be  kept  within  10  mg  as  residual  effects  are  observed  above 
this  range,  but  it  should  not  be  repeated  at  Intervals  of  less  than  48  h  or  given  more  than  twice  in  seven 
days.  Dlazepas  would  appear  to  )e  particularly  useful  for  sleep  at  unusual  times  of  the  day.  Oxazepan 
(15-30  ag)  is  also  without  residual  effects,  but  the  relatively  slow  absorption  of  the  drug,  and  the  lack 
of  effect  on  sleep  onset  latencies  aay  reduce  its  usefulness,  though  otherwise  it  in  an  effective  hypnotic. 
Tenazepaa  (10-20  tag)  has  a  useful  hypnotic  effect,  and,  like  oxazepan,  as  the  advantage  that  its  metabolism 
is  not  complicated  by  a  long-acting  metabolite,  and  so  daily  ingestion  is  unlikely  to  be  contraindicated. 
However,  it  is  Important  to  stress,  as  with  all  hypnotics,  that  it  is  the  individual  response  of  each 
patient  which  ie  paramount,  particularly  if  they  are  involved  in  skilled  activity. 
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Muucanrr  or  mrcciAt  rest  aid  activity 


umraocTioK 

A  algnlf  leant  bio— A  leal  aspect  of  air  operations  (military  or  coo— rclal)  la  thrt  operations  arc 
c— ducted  without  regard  for  the  clock.  Furthermore,  auch  disregard  la  further  ccapliustad  by  the  fact 
that  auch  disregard  la  cooductad  oo  achadulea  which,  for  the  typical  alrrre— an.  lack  any  laportaat  decree 
of  regularity.  Aircrews  therefore,  are  likely  to  be  worklac  at  any  tlae  of  the  day  or  night  and  do  not 
even  have  the  llaltad  advaatafea  of  being  oo  "shift"  work,  which  la  not  uncca—n  In  Industry.  Nicholson 
(1),  in  — Islag  the  problaa  with  particular  focus  oo  transport  operations,  states: 

"The  Irregularity  of  uork  In  air  operations  presents  aany  problaas  In  the  nan— saent  of  aircrew. 
Kith  short-haul  route#,  services  relate  to  the  hours  of  business  and  co— erce,  and  duty  hours  are  often 
outside  usually  accepted  tines  of  work,  while  with  long-haul  operations,  duty  aay  start  at  any  tine  of 
the  day  or  night,  and  crews  have  to  cope  with  repeated  tlae  gone  changes.  There  Is  little  doubt  that 
adequate  sleep  is  vital  la  the  adaptation  of  aircrew  to  irregular  work  and  rest,  and  that  circadian  var¬ 
iations  of  function  nay  Influence  their  effectiveness  at  certain  tines  of  the  day." 

"I*  Is  only  recently  that  serious  effort  has  been  wade  to  understand  the  problaa.  It  Is  now  no 
longer  true  to  say  that  the  only  generally  agreed  facts  are  that  we  do  not  like  disturbed  sleep,  and  that 
sleep  loss  tervjs  to  wake  us  sleepy:  but  It  Is  true  that  disturbances  la  performance  cannot  be  easily 
demonstrated  after  sleep  disturbance,  and  that  this  has  tended  to  alniaise  the  Importance  of  the  problem 
Sleap  disturbance  nod If lea  circadian  functions.  Inpairs  response  to  stress  aed  upsets  the  normal  sense  at 
well  being,  and  so  it  is  likely  that  the  nessursaent  of  performance  is  Insufficiently  sensitive  to  itzt-.i 
laportaat  changes.  Inability  to  detect  performance  deer— ant  after  sleep  loss  suggests  that  disturbed 
sleep,  or  even  lose  of  sleep,  asy  be  of  little  operational  Importance  but  this  la  not  a  reasonable  con¬ 
clusion.  It  la  more  likely  that  performance  la  maintained  by  greater  effort  or  by  concentrating  at  action 
on  so—  aspects  of  the  problaa  for  a  limited  tlae.  and  It  Is  lc  this  way  that  the  Integrated  performance 
of  aircrew  aay  be  iapalrad.** 

for  several  years,  the  staff  of  ay  laboratory  have  been  esaalalag  these  problems  In  both  airlift  and 
tactical  operations.  ,t  should  be  stated  at  the  outset  that  grossly  irregular  operations  occur  less  often 
la  tactical  than  In  airlift  operations,  particularly  In  the  peace tine  environment,  sc  auch  of  the  material 
presented  here  will  be  taken  fr—  airlift  studies.  We  can  be  sure,  however,  that  In  wartime,  tactical 
operations  around  the  clock  can  be  expected,  so  lessons  learned  from  airlift  can  Indeed  be  useful.  Of 
critical  concern  In  ay  laboratory  are  those  variables  In  the  behavioral  or  biochemical  da— Ins  which  are. 
broadly  speaking,  cyclic  lu  nature,  either  because  there  te  an  underlying  periodicity  or  because  the  way 
In  which  the  CSAF  eaploys  Its  aircrews  Introduces  so—  cyclic  features.  My  presentation  will  be  oriented 
specifically  toward  all It ary  etr  applications,  though  the  related  science  Is  lndcsd  fascinating. 

The  operational  goal  which  we  auat  address  Is  to  determine  on  a  quantitative  basis  the  Impact,  of 
alsslon  dcrat lor./alaalon  cycling  oo  alsalon  effectiveness.  The  qualitative  aspects  of  this  problaa  are 
—11  known  to  operational  users  of  weapons  sym'ess.  In  practice,  users  develop  rules  and  ached  ulna  for 
—ploying  ere—  In  weapons  systems  based  oo  this  qualitative  understanding  of  crew  limitations,  refine 
the—  through  experience,  ead  arrive  at  a  workable  coaproalse  between  mission  requirements  and  crew 
capabilities.  The  goal  — t  by  operational  managers  is  to  avoid  crew  fatigue  and  loss  of  efficiency. 
Syate—  designers  borrow  fr—  operational  experience  in  designing  new  weapon  systems.  The  result  at 
both  the  design  and  operational  levels  are,  however,  best  guesses.  A  quantified  description  of  crew 
capability  la  the  area  of  at— Ion  duration. 'mission  cycling  will  Improve  the  coupling  of  crew  duty-time 
Halts  and  weapons  a>at—  capability  baaed  on  operation.  1  >r Iter  1a.  The  kinds  of  variables  which  oust  be 
considered  are  shows  In  Table  I. 


TABLE  I 

List  of  Factors  Contributing  to  Periodicity  In  Military  Air  Operations 


I.  Work/ rest 

a.  W/R  duration — round  the  clock 

b.  Work  period  duratlwi 

c.  Task  load  and  tine  course  variation 

d.  Shift  — rk 

e.  Contingency  deaands 

f.  Repeated  cycles  across  long  periods 

II.  Slsep 

a.  Sleep  duration 

l.  Stage  deprivation 

c.  Sleep  deprivation 

d.  Spilt  sleep 

e.  Daytime  sleep 

f.  Depletion  of  reserves 

g.  Sleep  environment 

III.  Time- anchored  variables 

a.  Day-night  cycle* 

b.  Time  zone 

c.  Adaptation  to  new  schedules 


The  re— arch  sod  development  objective  —  must  pursue  is  to  dell—  envelopes  of  acceptable  duty 
— hsdules  for  aerospace  and  ground  operations,  the  modification  of  the—  envelopes  by  cyclic  and  time- 
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anchored  factors,  and  the  effects  on  crew  performance  within  these  envelopes  resulting  from  other  single 
*ad  multiple  environmental  (physiologic)  stresses.  Mission  duration,  oisslon  cycling,  and  task  character¬ 
istics  are  the  critical  aspects  within  which  these  effects  should  be  defined.  This  prohla  area  Is  In  a 
considerable  state  of  flux  as  a  consequence  of  an  ongoing  reformulation  of  concepts  about  the  effects  of 
factors  like  work/rest  cycles,  task  loading,  and  rest/recovery  requirements  on  aircrew  efficiency.  The 
reformulation  Is  focused  on  the  need  to  sort  variables  Into  primary  and  secondary  stressors  and  to  estab¬ 
lish  the  time  course  of  performance  decrement  for  these  stressors  singly  and  In  combination. 

In  the  remainder,  we  shall  focus  on  airlift  and  tactical  operations  studies,  dealing  with  the  former 
first,  because  that  historically  is  where  this  line  of  research  started. 


PAItT  1 


tM  ILLUSTRATIVE  STUDY 


In  a  separate  stud/  (to  be  discussed  later  in  this  paper),  we  collected  data  from  100  airlift  missions 
in  which  C-141  aircraft  cossanders  used  an  activity  log  to  report  In  half-hour  blocks  their  activities  or 
and  off  duty  around  the  clock  for  20  days,  which  Included  at  least  one  entire  multi-day  mission.  Ten  such 
packets  of  data  Involving  missions  to  the  Far  East  were  selected  fren  a  large  group  of  61  and  used  to  per¬ 
form  a  sort  of  desk-level  simulation  of  transport  operations  (2). 


First,  a  model  mission  was  empirically  derived  by  obtaining  modal  times  for  eating,  sleeping,  and 
flying  on  e^ch  successive  day.  Intervals  between  these  activities  were  alloted  to  functions  such  as  "crew 
rest."  "on  the  flight  line,"  "clearing  operations,"  and  similar  aircrew  duties  arranged  In  the  appropriate 
sequence.  The  resulting  model  was  cross-checked  against  mean  times  for  each  activity  obtained  from  the 
entire  61  aircraft  commanders.  Then,  eating  times,  sleeping  times,  and  flying  times  reported  by  the  10 
pilots  selected  for  detailed  analysis  were  sorted  Into  two  groups,  at  home  or  on  temporary  duty  (TOY)  away 
from  home,  converted  to  percentages,  and  plotted  on  a  time  scale. 


We  found  that  the  model  mission  Is  made  up  of  six  flights  (legs)  consisting  of  a  long  and  medita 
length  leg  outbound,  and  a  short  and  3  medlim  length  legs  Inbound.  In-translt  time  was  six  days,  and  the 
complete  cycle,  including  predeparture  and  post-mission  crew  rest,  was  eight  days.  Flight  time  was  38 
hours  out  of  the  144  hours  In  transit.  Inflight  and  sleep  periods,  which  provide  the  maxisa  contrast  In 
activity,  were  Identified. 


The  times  for  flights,  meals,  and  sleep  onset  during  the  six  days  In  transit  are  plotted  on  the  same 
24-hour  scale.  The  following  findings  were  obtained.  They  com  from  a  "sloulatlon"  but  are  only  one  step 
away  from  real  data. 

a.  Work.  The  primary  work  of  aircrews  Is  flying  a  mission  leg.  The  model  mission  yielded  the 
following  picture: 


■ormal  work  dsy  (CUT) 
Mission  work:  leg  1 
1*8  2 
1*S  3 
Irg  4 
1«*  5 
ley  6 


1600-0100  Z 
2000-0630  Z 
0145-0630  Z 
2330-0200  Z 
0500-1130  Z 
1315-1830  Z 
1300-1845  Z 


b.  Meals  The  typical  meal  times  (CUT)  for  breakfast,  lunch,  and  supper  at  heme  base  were  1430, 
2000.  and  0230,  respectively.  Heal  times  on  the  mission  (not  necessarily  a  typical  seal,  e.g.,  lunch  at 
lunch  time)  were:  1200.  1730,  2000,  2000,  2100.  2100,  0030.  0200.  0400,  0600.  0700,  0900.  0930,  and  1100 
Z. 


c.  Takeoff  times.  The  typical  takeoffs  at  hose  base  peaked  at  1400  and  0000  Z.  Takeoff  Claes 
on  the  missions  were  1300.  1315.  2000,  2330,  0130.  and  0500. 


d.  Sleep  onset.  The  typical  time  reported  for  sleep  onset  at  home  base  was  06?0  Z.  Sleep  onset 
times  for  the  mission  were:  1200,  1600,  2030  (lunch  tine  ot  bone),  2400,  0130.  0800,  and  .000  Z. 

e.  Sleep  duration.  To  our  surprise,  sleep  durations  at  home  and  on  a  mission  were  quite  simi¬ 
lar,  In  this  analysis.  It  ranged  from  4  hours  or  less  to  13  hours,  peaking  at  8  hours.  We  shall  examine 
this  In  more  detail  subsequently. 

It  appears  that  the  "model"  mission  indicates  that  a  transport  pilot  going  out  on  an  extended  mission 
enters  Into  an  ui-patterned  schedule  of  living  and  working.  In  the  face  of  this  psychological  and  physio¬ 
logical  confusion ,  the  alrcretaan  can  adopt  one  of  three  strategies: 

1.  lie  can  remain  on  a  home  base  schedule,  but  this  puts  him  out  of  step  with  the  pattern  at 
every  stopover  point  and  Is  sometimes  physically  impossible  because,  for  example,  he  is  flying  when  the 
home  base  schedule  says  he  should  be  sleeping. 

2.  He  can  shift  to  the  loc_’.  schedule  at  each  stopover,  but  this  produces  conflicts  with  the 
previous  schedule,  so  that  he  may  find  himself  eating  or  going  to  bed  too  soon,  or  having  to  defer  eating 
or  sleeping  despite  a  physiological  need.  (Furthermore,  this  does  not  alter  the  lack  of  patterning.  We 
reprogrammed  eating  and  sleeping  on  this  basis  in  the  "nod el”  mission  and  derived  a  different  but  equally 
unpattemed  dally  schedule.) 

3.  Be  can  anchor  his  schedule  to  the  airplane's  flying  schedule,  a  compromise  which  our  dsta 
say  he  has.  In  fact,  adopted  even  in  the  face  of  the  consequent  disruption. 


Clearly  nome  of  theee  strategies  solve  the  problem.  It  is  further  complicated  by  unproductive  periods 
during  extended  missions.  These  are  reported  surprisingly  often. 

What  are  the  consequences  of  this  disruption?  It  is  well  known  that  changes  in  the  pattern  alter 
cyclical  physiological  functions.  These  alterations  have  been  detected  in  many  studies,  but  the  effect 
in  the  psychomotor  domain — a  loss  in  piloting  skill— remains  elusive.  We  know  from  our  field  studies  of 
alrcrewmec  that  they  are  largely  dissatisfied  with  their  lot  when  flying  extended  mlselons  and  are  most 
satisfied  back  home.  We  think  that  the  appropriate  laboratory  experiments  and  field  studies  remain  to  be 
performed.  The  reader  should  go  back  and  look  at  Nicholson's  statements  in  the  introduction  as  he  ponders 
this  question. 


P/JtT  II 

ADDITIONAL  STUDIES:  AIRLIFT 

During  the  period  1969-1972.  my  laboratory  conducted  a  series  of  studies  on  airlift  operations.  The 
impetus  for  work  was  the  entry  of  the  C-5  into  the  operational  inventory.  It's  on-board  crew  rest  pro¬ 
vided  an  opportunity  for  d  ble-crew  operations,  with  one  crew  "at  rest"  while  the  other  flew  a  portion  of 
the  mission.  This  sugge  modifications  in  crew  duty  regulations.  We  flew  dcuble-crew  missions  in  both 
the  C-141  and  the  C-S,  co*. acting  data  on  sleep,  fatigue,  performance,  and  biomedical  changes.  We  also 
performed  a  number  of  other  studies. 

The  initial  double  crew  studies  were  performed  in  a  C-141  outfitted  with  a  crew  rest  facility  in  the 
cargo  area.  Six  experimental  transport  missions  were  flown  on  routes  generating  various  combinations  of 
long  and  short  legs.  Crews  followed  a  4/4  or  16/16  work/rest  schedule,  modified  only  by  operational  con¬ 
straints.  The  aircraft  flew  through  the  aysten  with  minimum  ground  times.  Missions  required  55-60  hours 
to  complete,  with  flying  time  averaging  43  hours.  Crew  performance  was  evaluated  by  an  on-board  flight 
examiner !s  rating  form.  Subjective  fatigue  was  measured  on  a  20- point  rating  Inventory  every  4  hours. 

Sleep  EEC's  were  recorded  on  two  navigators  and  were  supplemented  by  self  reports  from  all  crew  members. 
Urine  samples  were  collected  from  all  crew  members  at  4-hour  intervals  starting  2  hours  before  departure. 
Urinalysis  consisted  of  epinephrine,  norepinephrine,  17-bydroxycortlcosterolds,  sodium,  potassium  and  urea, 
all  expressed  as  a  ratio  against  creatinine. 

The  behavioral  aspects  will  be  reported  first  (3).  There  were  no  statistically  significant  differ¬ 
ences  attributable  to  the  two  widely  different  work/rest  schedules.  The  schedules  were  selected  to  span 
an  "envelope"  of  work  periods,  the  4/4  chosen  since  it  would  surely  modify  on-board  sleep  and  the  16/16 
chosen  because  it  approximated  the  normal  duty  day  of  a  single  crew.  We  were  satisfied  that  operational 
needs  and  crew  preference  could  be  used  to  select  work/rest  schedules  within  this  envelope.  There  were 
no  statistically  significant  differences  in  the  flight  exsnlner's  performance  ratings.  This  supports  the 
position  of  Nicholson,  reported  at  the  beg  Izmir,  g  of  this  paper. 

Subjective  fatigue  incrcaacd  rapidly  during  the  first  16  hours,  and  stabilised  there  after  at  a  level 
indicating  moderate  persistent  fatigue  not  relieved  by  on-board  sleep.  It  was  also  influenced  by  crew 
position,  with  the  aircraft  commander  reporting  tht  most  fstlgue.  Longer  legs  also  produced  more  fatigue. 

Sleep  findings  were  most  Interesting.  Hours  of  sleep  for  mission  days  were  1.8.  6.2,  and  5.2, 
respectively,  and  for  recovery  days  9.8,  9.3,  and  8.9,  respectively,  compared  to  T*  hours  reported 
typically  prior  to  the  mission.  Special  attention  should  be  given  to  the  information  on  the  qualitative 
aspects  of  sleep. 

"The  EEC  sleep  tracings  not  only  supported  the  self-reports  on  sleep  loss,  but  also  showed  a 
reduction  in  both  deep  and  "dream"  sleep.  Though  limited  to  only  two  crewmembers  on  three  missions,  the 
EEC  results  sre  highly  suggestive  and  indicate  that  care  must  be  taken  in  planning  flights  Involving 
double  crews.  The  sleep  literature  is  full  of  studies  which  show  that  loss  of  deep  sleep  may  result  In 
people  becoming  physically  uncomfortable,  withdrawn,  and  less  aggressive,  while  RBt  deprivation  may  result 
in  people  becoming  less  Integrated  and  less  Interpersonal ly  effective.  This  loss  of  deep  sleep  and  REM 
sleep  during  both  work/rest  schedules  is  disturbing,  for  previous  laboratory  work  would  predict  "better” 
sleep  on  the  16/16  schedule.  Perhaps  during  flight,  the  schedule  is  less  important  than  the  actual  flight 
conditions  of  noise,  turbulence,  interruption  of  circadian  cycles.  Interpersonal  crew  interactions  or  con¬ 
cern  about  aircraft  responsibility." 

"We  are  aware  of  only  one  other  study  involving  the  analysis  of  work/rest  cycle  effects  on  flight 
crews  in  an  operational  setting.  It  also  used  double-crew  transport  mission.  Atkinson  et  al.  (4)  conduc¬ 
ted  a  two-mission  study  of  5  and  2  days  duration  in  prop  and  Jet  aircraft,  respectively,  at  about  the  same 
time  we  were  operating  our  missions.  They  used  a  20-hour  duty  day  (a  10/10  schedule,  approx  Usately)  In  the 
propeller-driven  aircraft  and  a  24-hour  duty  day  (a  12/12  schedule,  approximately)  in  the  jet  transport. 
Their  paper  focused  on  sleep  effects.  They  found,  in  general,  progressively  less  sleep  during  successive 
sleep  periods,  more  sleep  disturbance  for  the  crew  working  during  the  normal  sleep  period,  and  a  slow 
recovery  (return  to  normal  sleep  durations),  with  the  recovery  taking  longer  for  the  crews  working  the  20- 
hour  duty  day  and  for  those  individuals  with  greater  sleep  disturbance  during  the  mission.  In  some  cases 
recovery  took  up  to  five  days.  They  recommend  against  short  duty  periods  because  of  the  aggravation  of 
sleep  pattern  disturbances  Inherent  in  such  schedules.  They  advise  a  12/12  schedule,  which  keeps  the  crews 
entrained  with  the  24-hour  day  (though  one  crew  must  reverse  its  work/sleep  pattern)  ind  ..roviues  u  l.mgi-i 
block  of  time  in  which  to  sleep  the  normal  amount.  It  is  clear  that  factors  beyond  work/rest  schedules  per 
se  need  to  be  considered." 

The  stresses  of  the  mission  appeared  to  conceal  changes  associated  with  time  zone  stress,  if  such  is 
relevant  to  transport  operations. 

"Though  not  tested  statistically,  there  was  an  Increase  in  subjective  fatigue  which  took  place 
during  the  first  day  of  the  mission  and  then  stabilized  at  a  value  in  the  middle  of  the  scale  for  the  rest 
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of  the  aiilloa,  There  wee  >oae  recovery  on  day  1  of  the  poet flight  period  and  additional  recovery  on  d.y 
2.  Postflight  day  2  shows  a  circadian  shift  which  resembles  day  1  of  the  ■lsslon.  We  suspect  that  the 
onset  of  subjective  fatigue  followed  a  normal  circadian  cycle  during  silsslon-day  1,  but  that  there  was  no 
recovery  during  the  remainder  of  the  mission  because  of  the  stress  of  the  mission  combined  with  the  stress 
of  poor  sleep." 

On  the  biochemical  side  (5),  we  had  data  clearly  revealing  anticipatory  stress,  revealed  primarily  In 
the  epinephrine  (E)  data.  E  Increased  131Z  on  day  one  (with  the  elevation  evident  In  the  Initial  mission 
samples)  and  then  dropped  back  to  +371  and  +S4Z  on  days  two  and  three.  Increased  stress  was  seen  In  the 
aircraft  commanders  (+47Z  compared  to  a  crew  mean  of  +38Z  for  Inflight  values).  No  effects  related  to 
work/rest  cycle  were  seen.  Stress  was  greater  for  the  crews  flying  during  the  night  (at  home  base).  Pre¬ 
existing  circadian  variability  persisted,  with  flight  having  a  modifying  effect,  primarily  in  terms  of 
elevated  excretion  rates  and  some  dampening  of  amplitude.  Recovery  required  4-5  days,  lagging  by  a  day 
behind  subjective  fatigue  measures,  and  matching  the  return  of  post-mission  sleep  duration  to  its  normal 
value. 

In  the  papers  on  the  parallel  sets  of  double-crew  missions  flown  In  the  C-5,  we  published  first  on  the 
biochemical  aspects  (6).  These  missions  were  65+  hours  and  can  be  characterized  as  involving  a  great  deal 
of  delay  and  frustration  for  the  crew,  caused  by  probleu  attendant  with  the  entry  of  any  major  new  air¬ 
craft  Into  the  operational  inventory.  Therefore,  analyses  were  made  on  a  mission  by  mission  basis.  Work/ 
rest  cycles  this  time  were  5/5  and  12/12.  Among  the  findings  of  Interest  for  this  paper  were: 

(a)  Anticipatory  stress  was  again  evident 

(b)  Flying  during  home  base  night-time  was  more  stressful 

(c)  C-5  crews  were  less  stressed  biochemically  than  C-141  crews,  probably  due  to  considerably 
better  on-board  crew  rest  facilities 

(d)  Physiologic  entrainment  remained  the  prlatary  determinant  of  physiologic  responsiveness  to 
the  mission  stress. 

An  early  publication  In  the  C-141  series  had  focused  on  oral  temperature  as  an  index  of  nonspecific 
stress  (7).  In  that  study,  we  found  a  small  but  statistically  significant  hypothermia  clearly  present 
by  the  second  day  of  the  mission  and  parallel  to  subjective  fatigue  (with  a  small  lag).  There  was  a  trend 
(not  statistically  significant)  toward  flattening  of  amplitude  and  toward  a  small  phase  shift  (additional 
lag),  a  finding  we  have  obtained  occasionally  In  nearly  all  cyclic  variables  under  study. 

In  the  study  m-j  being  reported  (8),  we  examined  oral  temperature  again.  Oral  temperature  Is  an 
administratively  easy  measure: 

"Oral  temperature,  a  practical  biomedical  Index  (since  Its  measurement  does  not  greatly  conflict 
with  crewmembers'  duties).  Is  known  to  be  sensitive  to  both  endogenous  and  exogenous  Influences.  In  an 
earlier  paper,  we  reviewed  the  pertinent  literature  on  body  temperature  responses  to  prolonged  flight  and 
to  work/rest  and  wakefulness/sleep  cycles  similar  to  those  used  in  the  present  studies,  finding  that  (a) 
body  temperature,  mental  efficiency,  psychomotor  performance,  and  subjective  fatigue  are  Interrelated 
phenomena,  (b)  body  temperature  under  certain  conditions  serves  to  predict  mental  efficiency  and  psycho¬ 
motor  performance,  (c)  body  temperature  depression  is  typical  of  nonspecific  stress,  and  (d)  sleep  depri¬ 
vation,  which  acts  In  the  manner  of  a  nonspecific  stressor,  modifies  but  does  not  obliterate  body  temper¬ 
ature  periodicity  .  .  .  Van  Loon  (1963)  In  «  study  of  nonflying  personnel  found  flattening  (diminished 
amplitude)  of  the  body  temperature  day-night  curve  when  the  sleep/wakefulness  schedule  was  Inverted.  This 
finding  Is  pertinent  to  the  present  case  ...  In  the  C-5  studies,  body  temperature  and  subjective  fatigue 
at  a  late  time  shotted  parallelism,  a  phenomenon  Implying  common  mechanisms.  As  pointed  out  previously, 
subjective  fatigue  is  thought  to  relate  to  activities  In  the  reticular  formation  of  the  brain  stem  which 
spread  to  the  hypothalamus,  thereby  Influencing  endocrine  and  sympathetic  nervous  system  activities.  As 
Is  well  known,  body  temperature  regulation  involves  hypothalamic,  endocrine,  and  autonomic  nervous  system 
activities.  Sleep  and  wakefulness  are  also  known  to  relate  to  activities  in  the  reticular  formation. 
Interrelationships  between  such  dissimilar  functions  as  oral  temperature  and  subjective  fatigue  are, 
therefore,  to  be  expected." 

However,  the  utility  of  ->ral  temperature  Is  not  nearly  as  striking  in  this  study,  because  of  the  statistical 
problems  created  by  dlftlculties  In  pooling  missions  to  obtain  aggregate  averages.  The  other  factor  of 
Interest  Is  that  on  entrainment  (periodicity).  In  this  and  the  earlier  papers  (7,  8.  9)  It  underwent 
specific  examination  and  led  to  the  conclusion  we  have  reached  several  times:  entrainment  Is  a  primary 
determinant  of  both  physiologic  and  behavioral  responsiveness  but  in  these  studies  remained  locked  on  the 
home  base  clock,  resistant  to  shifting  through  susceptible  to  the  disruptive  Influences  of  poor  and/or 
reduced  sleep. 

In  the  studies  just  reported,  we  were  examining  double-crew  missions.  The  more  conventional  transport 
missions  are  operated  with  single  crews,  each  crew  flying  a  portion  of  the  mission  and  turn  the  aircraft 
over  to  another  crew  at  an  Intermediate  ground  stop  where  the  first  crew  goes  into  "rest”  and  the  second 
crew  continues  the  mission.  This  Is  called  "staging”  and  we  examined  Its  effects  in  a  separate  study  (10). 
Transport  crews  flying  100  missions  maintained  a  log  on  work  and  rest  on  an  around-the-clock  basis  starting 
12  hour-  -«rlor  to  the  mission  and  ending  after  1  lira  -r  post— ;  Isslon  rest.  Ninety  missions  were  flown  to 
Southeast  Asia  and  10  to  Europe.  Average  mission  time  wan  6.7  days,  during  which  average  flying  time  was 
44.5  hours.  The  typical  full  cycle  Including  pre-mission  and  post-mission  rest  was  9.1  days. 

Table  11  shows  that  mission  flying  accounted  for  only  20Z  of  total  cycle  (mission)  time.  In  general, 
military  transport  aircrewmen  spend  approximately  of  a  block  of  days  on  a  mission  flying  the  airplane, 

1/5  of  the  time  on  related  duties,  and  over  S  in  an  "off-duty"  status,  for  crew  rest  a*,  stages.  Though 
Table  II  does  not  highlight  this  fact,  almost  1/3  of  the  mission  time  ("t lme-away")  is  spent  sleeping 
during  crew  rest  at  stages  (crew  rest  stations).  Twenty  percent  of  the  missions  required  12  or  more  days. 
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Illustrating  perturbations  to  the  flow  of  crews  (not  planes)  through  the  military  airlift  systesi  as  a 
result  of  stage  delays  and  shuttles  (turn-arounds). 

Time  spent  in  pre-  and  post-flight  duties  contributes  to  crew  workload.  The  average  total  time  for 
these  duties  is  21.1  hours  for  each  mission.  This  breaks  out  close  to  2  hours  for  the  coablnatlon  r,i  prt- 
and  post-flight  per  leg,  which  it  in  the  expected  range.  The  total  hours  are  not  insignificant;  they  are 
1/10  of  the  total  mission  cycle  time. 

Codes  were  provided  for  two  kinds  of  "waiting"  while  on  a  mission.  The  first  was  for  waiting  in  an 
off-duty  status  at  stages  when  the  aircrewan  had,  In  essence,  run  out  of  things  he  needed  or  wanted  to  do. 
The  average  value  is  7.3  bouts,  though  half  of  the  reports  (the  median  value)  were  2.2  hours  or  less, 
including  approximately  401  where  none  was  reported.  The  second  was  for  waiting  on  the  flight  line,  or 
r sap-pounding.  The  Dean  total  tiae  for  the  full  mission  cycle  for  raap-pounding  is  4,1  hours  (approxi¬ 
mately  1  hour  per  stage  segment),  which  is  not  excessive.  There  were  occasional  reporta  of  10  or  more 
hours. 

The  third  category  of  off-tuty  tiae  while  on  a  mission  is  called  "other"  In  Table  I.  The  mean  Is  32.9 
hours.  Of  this,  9.9  hours  were  devoted  to  meals;  20.4  were  expended  on  personal  activities  like  shopping, 
sight-seeing,  or  showering  and  shaving;  and  2.6  hours  were  miscellaneous.  Overall,  this  block  accounts  for 
approximately  1/S  of  the  total  tiae  away  frost  home,  exclusive  of  "waiting"  and  sleep. 

TABLE  II 

Overall  Summary  of  Mission  Cycle  Times 


Average  Hours  7.  of 

Activity  Per  Cycle  Totr.l  Cycle 


Pre-/post-rest  (2.4  days) 

(57.81 

(26.4) 

at  home 

55.1 

25.5 

sleep 

25.4 

11.6 

other 

29.7 

13.6 

(errors/missing) 

2.7 

1.2 

Away  on  mission  (6.7  days) 

(160.8) 

(73.6) 

off-duty 

89.2 

40.8 

sleep 

49.0 

22.4 

waiting 

7.3 

3.3 

other 

32.5 

15.1 

Flight  line 

25.2 

11.5 

pre-post 

21.1 

9.6 

ramp-pounding 

4.1 

1.9 

Fly  mission 

-•..5 

20.4 

Squadron  work 

1.9 

0.9 

Total  time  (9.1  days) 

(218.6) 

The  preceding  table  provides  a  general  picture  of  the  distribution  of  various  kinds  of  work  and  non¬ 
work  tine.  Sleep  Is  an  area  of  considerable  Interest.  Changes  in  sleep  quality  and  quantity  during  a  mis¬ 
sion  are  one  neasure  of  the  physiologic  cost  of  a  mission.  Table  III  presents  these  data. 

TABLE  III 

SLEEP  PER  STACE  OR  PER  DAY 


Average  Nuaber 

Reports  of  12 

"Naps"  Reported  (2 

of  Hours 

Hours  or  More 

Hours  or  Less) 

Pre-departure 

Mission  Stages 

6.8 

2Z 

is: 

1 

7.4 

2 

7.2 

3 

7.8 

4  X 

17Z 

4 

7.8 

5 

7.5 

Post -Miss  ion 
Day 


l 

9.9 

32: 

i: 

2 

9.2 

13: 

2: 

3 

8.9 

e: 

2: 

Almost  a  fourth  of  the  tine  away  from  home  is  spent  sleeping  (see  Table  II),  equal  to  the  time  inflight. 
Table  III  shows  that  sleep  during  the  mission  increases  soi.ewhat,  but  that  the  dramatic  change  occurs 


13-8 


during  the  post-alsslon  period,  where  the  means  on  3  successive  days  are  9.9,  9.2,  and  8.9.  This  demon¬ 
strates  the  cumulative  physiologic  cost  incurred  during  the  ulsslon.  This  cost  la  further  demonstrated  by 
the  Incidence  of  sleep  periods  greater  than  12  hours,  which  are  quite  high  (32Z)  on  the  first  post-mission 
night. 

The  sleep  data  Indicates  that  a  mission  constitutes  a  significant  physiologic  load  and  that  during 
the  course  of  a  mission  a  physiologic  debt  develops,  despite  the  fact  that  regular  periods  are  provided 
for  sleep  and  rest.  A  variety  of  "stressors"  act  upon  transport  crewmembers,  Including  such  factors  as 
the  mission  work,  the  30-hour  day,  circadian  conflicts,  altered  sleep  schedules,  off-duty  activities, 
variations  in  sleep  environments,  the  situational  stress  of  time-zone  translocation,  and  others  ve  cannot 
Identify.  Providing  a  rest  period  based  on  a  crewmember's  home  station  habits  does  not  automatically  Insure 
sufficient  rest  during  a  mission.  Continuing  attention  must  be  given  to  sleep  and  rest  problems  in  the  air¬ 
lift  environment. 

The  previous  study  dealt  with  long-haul  missions  requiring  several  days  and  utilizing  the  regular  air¬ 
crew  resources  (personnel  on  active  duty).  The  motivational  structure  is  not  often  examined  when  such 
studies  are  conducted,  but  it  plays  a  role.  Regular  aircrews  operate  In  a  motivational  context  where  man¬ 
agement  demands  combine  with  Intrinsic  motivation  to  get  the  job  done.  Rayman  (11)  reports  a  study  in 
which  "Irregulars"  performed  short-haul  missions  on  a  demanding  schedule  and  where  the  motivational  struc¬ 
ture  Included  monetary  Incentives,  enhanced  supporting  resources,  and  a  "show  them  It  can  be  done"  kind  of 
Intrinsic  motivation.  This  Involved  civilian  aircrews  flying  emergency  resupply  in  Southeast  Asia.  These 
crews  worked  a  19-17-hour  day  flying  three  or  four  1.9  hour  shuttles  with  1  hour  turnaround  at  home  base, 

four  days  in  a  row  with  the  fifth  day  off,  logging  not  less  than  195  hours  of  flying  time  per  month  and 

exceeding  200  hours  per  month  In  some  cases,  for  two  months.  Data  were  collected  on  blood  pressure,  pulse 
and  pulse  pressure  and  were  usually  within  normal  limits.  The  men  were  observably  tired  at  the  end  of  each 
day,  and  reported  feeling  tired,  but  recovered  with  one  night  of  sleep.  Other  miscellaneous  clinical 
measures  yielded  values  which  were  unremarkable.  Questionnaires  yielded  a  lack  of  "undue  fatigue,"  and 
the  concensus  was  that  they  could  have  continued  for  approximately  another  month.  Among  Rayman's  conclu¬ 
sions  were: 

(a)  .  .  .  "crew  duty  limitations,  at  best  are  established  by  experience  .  .  .” 

(b)  Maximum  support  facilitates  continued  performance  (my  rephrasing)  .  .  .  "all  extra  duties 

normally  assigned  to  the  airmen  should  be  discontinued  ..." 

(c)  Avoid  perturbations  such  as  schedule  changes,  ramp  delays,  takeoff  delays  (my  rephrasing). 

There  Is  no  doubt  a  short,  sustained  "surge"  with  maximum  support  and  an  enhanced  motivational  structure 
can,  as  this  study  demonstrates,  result  In  monumental  efforts  by  alrcrewmen.  The  reader  is  aware  of  the 
facilitating  effect  of  a  war. 


PART  III 

ADDITIONAL  STUDIES:  TACTICAL  OPERATIONS 

More  recently,  my  laboratory  has  been  engaged  in  studies  of  tactical  fighter  operations,  to  include 
deployments,  sortie  surges,  air-to-ground,  etc.  The  first  of  these  studies  (12)  involved  deployment  of 
F-9D's  from  New  Mexico  to  Germany,  30  days  of  NATO  exercises,  and  redeployment  to  New  Mexico.  Our  full 
subjective  and  urinary  battery  was  employed.  Significant  Increases  In  subjective  fatigue  (39Z),  an 
Increase  (91Z)  In  post-deployment  sleep  (the  average  for  the  first  night  In  Germany  was  12  hours)  and 
comparable  Increases  in  E,  NE,  17-OHCS,  and  urea  were  seen  as  the  result  of  deployment.  Similar  but  less 
exaggerated  effects  were  seen  on  redeployment.  Overall,  however,  the  values  Indicated  crewmembers  were 
only  moderately  stressed,  partly  because  management  optimized  departure  and  arrival  times  so  as  to  facili¬ 
tate  resynchronization  to  the  local  clock. 

In  July  1976,  we  performed  a  study  (13)  during  the  saployment  of  an  A7-D  squadron  in  a  sortie  surge 
exercise.  Included  was  a  simulated  round  robin  deployment  followed  by  two  weeks  of  multiple  missions  per 
day.  Subjective  fatigue  Increased  within  each  day  as  a  function  of  number  of  sorties  flown,  but  there  was 
recovery  during  each  night  of  sleep  (In  a  normal,  home-base  environment).  There  was,  however,  no  night-time 
flying.  Under  these  conditions,  crews  had  no  problems  coping  with  the  demands  of  the  exercise,  from  a 
biomedical  point  of  view. 

The  next  study  (19),  we  participated  In  the  employment  of  the  A-10  in  a  12-day  joint  Army-Air  Force 
exercise  involving  extensive  air-to-ground  operations.  Subjective  fatigue  scores  shewed  increased  fatigue 
during  each  day,  a  trend  toward  minor  cumulative  fatigue  across  days  for  pilots  flying  more  than  one  mission 
per  day,  but  good  recovery  during  each  night  of  sleep.  Not  uncommonly,  there  was  a  more  substantial  fatigue 
In  the  afternoon,  and  pilots  reported  feeling  "washed  out."  This  and  the  finding  on  multiple  missions  per 
day  suggest  some  caution  In  employing  A-10  pilots  In  this  mode.  The  biochemical  measures  gave  evidence  of 
anticipatory  stress  and  fllgh*’  stress,  but  indicated  only  moderate  physiologic  activation.  Acceleration 
stress  was  also  evaluated.  The  A-10  Is,  of  course,  not  a  high-performance  fighter,  but  when  G  stress  is 
expressed  as  G  level  x  time.  In  combination  with  the  demands  of  low-level  "Jinking,"  this  form  of  accel¬ 
eration  stress  was  an  Important  contributor  to  within-mlsslon  fatigue.  Overall,  however,  the  pilots  were 
able  to  cope  with  the  demands  of  the  exercise.  The  absence  of  night  missions  and  the  opportunity  to  obtain 
night-time  sleep  in  a  normal  sleep  environment  undoubtedly  contributed  to  this. 

In  1978,  we  participated  In  a  sortie  surge  (15)  Involving  F-9's  in  Korea.  The  exercise  lasted  15 
days.  Eight  two-man  crews  served  as  subjects  though  the  entire  wing  was  exercised.  Subjective  fatigue 
for  pilots  increased  within  a  day  and  more  gradually  across  days,  but  never  exceeded  moderate  fatigue. 
Multiple  sorties  per  day  enhanced  feelings  of  fatigue.  Oral  temperatures  indicated  daily  mild  hypothermia, 
a  gross  Indicator  of  nonspecific  stress  discussed  earlier.  Heart  rate  and  blood  pressure  did  not  change 
significantly.  Again,  however,  crewmen  obtained  normal  sleep  in  the  normal  home  base  environment.  In 
general,  crewmen  were  able  to  cope  with  the  demands  of  the  exercise. 


Again  in  1978,  we  participated  in  a  aor'cie  surge  (16)  in  Germany,  code  name  Salty  Rooster.  Involved 
was  a  wing  of  F-4's  surging  for  12  days,  with  aany  Multiple  Missions  per  crew  per  day  during  the  first  4 
days.  Subjective  fatigue  ratings  showed  increased  fatigue  during  the  day,  recovery  following  a  normal 
night  of  sleep,  and  no  evidence  of  cumulative  fatigue  across  days.  In  general,  feelings  of  fatigue 
increased  relative  to  the  number  of  sorties  flown  In  a  day,  with  the  3rd  sortie  being  most  fatiguing,  the 
3rd  or  4th  Mission  late  in  the  afternoon  suggesting  that  crews  were  indeed  being  taxed.  Once  again,  crew¬ 
men  could  cope  with  the  demands  of  the  exercise,  but  the  heavy  schedule  early  la  the  exercise  suggested  the 
need  for  some  biomedical  caution. 

PART  IV 

THE  ISSUE  OF  SLEEP 

We  have  been  leading  the  reader  gently  toward  what  has  become  for  us  a  central  issue:  sleep,  during 
a  mission  or  during  an  exercise;  sleep  during  the  nights  of  an  exercise /mission  or  after  an  extended  mis¬ 
sion.  Consider  the  following  data  in  Tables  IV  and  V: 

TABLE  IV 

SLEEP  EFFECTS:  AIRLIFT  OPERATIONS 


Slgnlf leant 


Name/Date 

A/C 

Type  Exercise 

Sleep  Effects 

Probable  Explanation 

Cold  Shoulder 
Early  1970 

1 

C-141 

Sim  C-5  ops,  54  hrs, 
double  crew 

Post  ■  9.8,  8.9, 

8.9 

Workload;  poor  inflight 
sleep 

Channel  missions 
Spring  1970 

C-141 

Routine  61}  days, 
single  crew 

Post  -  9.9,  9.2, 

8.9 

Workload;  time  away 
from  home;  variable 
duty  day 

Cold  Shoulder 
Early  1971 

II 

C-5 

C-5  OT4E,  75  hrs, 
double  crew 

Post  *  11.8,  8.8, 

8.9 

Workload;  frustration; 
poor  inflight  sleep 

Blue-Cold 
Apr-May  1977 

C-5 

Aerial  refuel, 

32/44/56  hrs 

Post  -  11.2 
(9.2;  15.8) 

Workload;  poor  inflight 
sleep 

TABLE  V 


SLEEP  EFFECTS:  TACTICAL  EXERCISES 


Slgnlf leant 


Name/Date 

A/C 

Tvpe  Exercise 

Sleep  Effects 

Probable  Explanation 

Crested  Cap 

Sep  75 

F-4D 

30-day  deploy 
CONUS-Eur 

1st  night  -  12 
Eur 

1st  night  -  11 
CONUS 

hrs 

hrs 

Predeparture  workload 

Extended  flight  dur¬ 
ation 

Sortie  Surge 

Jul  76 

A-7D 

Simulated  deploy 

2  wks  CONUS 

Nonsignificant 

trend 

Multiple  sorties; 
normal  sleep  period/ 
environ. 

JAWS  II 

Nov  77 

A-10 

Joint  exercise 

10  days  CONUS 

None 

Within  mission  work¬ 
load;  normal  sleep 
period/environ. 

Commando  Rock 

Feb  78 

F-4D 

Surge,  15  days 

Korea 

None 

Multiple  sorties; 
normal  sleep  period/ 
environ. 

Salty  Rooster 

Feb  78 

F-4D 

Surge,  13  days 

Germany 

None 

Multiple  sorties; 
normal  sleep  period/ 
environ. 

It  can  be  seen  that  mult  1-day  missions  with  atypical  sleep  periods  in  marginal  sleep  environments,  com¬ 
pounded  by  many  other  stressors  exacts  a  cost  which  is  demonstrated  by  sleep  duration  (Table  IV).  It  can 
also  be  seen  that  multiple  stressors  in  circumstances  where  normal  sleep  times  in  normal  sleep  environments 
can  le  obtained  results  in  good  tolerance  for  the  burden  imposed  on  aircrewmen. 

The  substance  of  our  concern  with  sleep,  the  consequences  of  poor  sleep  and  the  ameliorative  aspects 
of  period  good  sleep,  is  amply  supported  by  a  remarkable  AGARDograph  by  Johnson  and  Naitoh  (18).  They 
present  a  detailed  review  of  the  aeromedical  findings  in  the  section  entitled  "Aircrew  Operation  Studies 
and  Partial  Sleep  Loss."  In  reviewing  the  studies  from  this  laboratory  and  from  the  UK  (RAFIAM,  Preston, 
Atkinson,  and  others),  they  state  that: 

"...  the  concept  of  "physiological  cost"  emphasized  by  Hale  and  his  coworkers  highlights  the 
coping  mechanism  of  the  body  to  unusual  conditions.  While  "cost"  implies  these  physiological  responses 
are  detrimental,  there  are  little  data  to  indicate  that  the  changes  reported  by  Hale  and  his  associates 
have  long-term  detrimental  effects.  Though  it  may  still  be  too  early  and  too  complex  to  accomplish,  it 
would  be  of  help  in  evaluating  the  physiological  cost  of  missions  if  Hartman  and  his  colleagues  could 
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develop  a  numerical  scale  for  labeling  a  stress  response  as  "mild,"  "moderate,"  or  "severe,"  depending  on 
the  excretion  rates  of  catecholamines  and  17-OHCS.  Another  question  that  needs  attention  is  that  of  deter¬ 
mining  what  part  of  the  "cost"  is  due  to  the  usual  stressors  of  flight,  that  due  to  sleep  deficit,  and  that 
resulting  from  the  interaction  of  the  two.  It  should  also  be  remembered  that  consistent  physiological  and 
biochemical  changes  free  this  amount  of  sleep  loss  per  se  have  been  difficult  to  find." 

Later,  they  make  the  following  point  about  the  relationship  between  altered  sleep  and  maintenance  of 
performance; 

"What  are  the  consequences  of  working  at  the  high  workload  or  at  the  level  of  workload  which 
Interferes  with  obtaining  an  acceptable  sleep  pattern?  In  his  1970  review  paper  in  the  proceedings  of  a 
conference  for  the  NATO  Advisory  Croup  for  Aerospace  Research  and  Development  (ACARD) ,  Nicholson  indicated 
that  there  was  at  present  no  conclusive  evidence  from  the  aeromedical  literature  showing  that  limited  sleep 
deficits,  which  may  be  experienced  with  workloads  just  above  the  zone,  would  lead  to  decrement  in  perfor¬ 
mance  during  flying." 

Nicholson  has,  of  course,  modified  his  position  a  bit  since  that  time.  (See  quotation  in  the  intro¬ 
duce  ion. ) 

Johnson  and  Saitoh  go  on  in  the  next  section  to  discuss  recovery  from  partial  sleep  loss.  This 
section  begins: 

"The  problem  of  adequate  recovery  function  studies  following  sleep  loss  has  been  discussed.  The 
problem  is  even  more  acute  for  partial  sleep  loss.  Most  researchers  have  stressed  the  need  for  adequate 
rest  and  sleep  before  beginning  another  mission,  but  few  have  presented  data  to  support  specific  recommen- 
dat ions." 

After  reviewing  several  studies,  they  provide  the  following  summary: 

"In  sumaury,  partial  sleep  loss  appears  to  be  a  part  of  most  aircrew  operations,  especially  those 
involving  time-zone  crossings.  Of  far  more  signlficame  than  the  actual  amount  of  sleep  loss  is  the  dis¬ 
ruption  of  the  usual  sleep-wakefulness  <y«le.  Sleep  appears  to  be  fragmented  and  often  scheduled  for 
unusual  hours.  Flights  during  usual  sleep  periods  tend  to  be  associated  with  a  greater  accumulation  of 
sleep  disruption  and  sleep  deficit  raise  the  "cost"  of  the  mission  both  in  terms  of  Increased  physiological 
stress-related  responses  and  by  higher  levels  of  fatigue.  Subjective  feelings  of  fatigue  are  the  major 
findings  whether  sleep  reduction  occurs  in  a  laboratory  or  in  an  operational  setting.  Double  crews  help 
to  reduce  sleep  loss  and  permit  sustained  flights  of  two  or  more  days,  but  these  flights  appear  to  have  an 
optimal  period  of  about  48  hours.  Short  work-rest  cycles  such  as  4  work/4  rest  lead  to  sleep  deficit  and 
should  be  replaced  by  cycles  that  allow  for  uninterrupted  sleep  periods  of  6  or  more  hours." 

Natani,  in  a  review  of  research*  on  human  behavior  relevant  to  space  flight,  makes  a  number  of  inter¬ 
esting  points  regarding  the  el  feels  of  stress  on  sleep: 

1.  Lester,  Burch,  and  Dossett  (1967)  reported  that  deep,  or  slow  wave  sleep  is  virtually 
eliminated  during  a  state  of  subjective  stress,  such  as  the  period  before  a  critical  examination  for 
medicai  students.  Usually  after  an  acute  stress  of  this  type  there  is  a  rebound  of  slow  wave  sleep  on 
succeeding  nights  which  may  compensate  for  the  loss  while  under  stress. 

2.  Hartman  (1971)  and  Harris,  Pegran  and  Hartman  (1971)  have  touno  reductions  in  deep  sleep 
during  extended  flying  missions.  They  have  interpreted  this  effect  and  the  subsequent  length  of  time 
taken  for  recovery  as  an  index  of  depletion  of  physical  reserves  or  the  physical  cost  of  a  stress  inducing 
activity. 


3.  The  Antarctic  work  suggests  that  a  year  or  more  is  required  before  slow  wave  sleep  returns 
to  baseline  levels  in  the  men  who  winter  at  the  South  Pole.  Thus,  the  men  at  the  Amundsen-Scott  Station 
may  be  experiencing  a  continual  depletion  of  reserves  with  an  accumulating  state  of  chronic  fatigue.  This 
view  is  consistent  with  the  Soviet  suggestion  that  CNS  exhaustion  occurs  in  the  Antarctic. 

4.  The  similarity  of  the  subjective  complaints  obtained  under  conditions  of  sensory  isolation/ 
deprivation,  Antarctic  wintering,  toxicity,  and  fatigue  suggests  that  all  of  these  effects  have  a  common 
neurophysiological  basis,  i.e.,  a  lowered  CNS  efficiency,  which  is  subjectively  experienced  primarily  as  a 
disturbance  in  sleep  quality  with  feelings  of  apathy,  irritability,  lassitude,  and  negative  mood. 

5.  Both  the  extended  flight  studies  and  '.he  work  in  the  Antarctic  suggest  that  as  long  as  a 
significant  ievel  of  stress  exists  sleep  patterns  will  remain  disrupted  and  prevent  recovery,  leading  to 
a  continual  depletion  of  physical  reserves. 

Natani  goes  on  with  an  extended  and  provocative  discussion  of  measurement  problems  relative  to 
assessing  stress  effects,  a  discussion  which  will  be  of  considerable  value  upon  the  imminent  publication 
of  this  review. 


PART  V 
SUMMARY 

There  is  a  great  deal  more  literature  which  can  be  cited— and  to  some  degree  this  paper  h3s  been  some¬ 
what  cavalier  in  reporting  largely  on  studies  from  this  labora.ory.  Nevertheless,  it  seems  time  to  bring 
the  status  quo  into  focus  an''  to  consider  how  commanders  and  planners  at  all  levels  can  manage  the  problem 
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of  Irregular  rest  and  activity.  First,  the  status  quo:  the  problem  breaks  out  into  four  subcategories , 
based  on  Mission  duration: 

*•  Tactical  missions  (repeated  cycles  in  one  day) 

b.  Strategic  Missions  (one  to  four  days  per  cycle) 

c.  Airlift  (one  week) 

d.  Cround -based  centers  (basically  shift  work) 

Each  category  will  be  discussed  separately.  The  tern  work/rest  will  be  used  as  a  less  cunbersone  substi¬ 
tute  for  "irregular  rest  and  activity." 

a.  Work/rest  cycles  (tactical  aircraft). 

Operational  requlrensnts  for  brief.  Multiple  Missions  in  tactical  aircraft  within  a  single 
day  generate  special  crew  fatigue  pr  obi  asm  related  to  high  workloads  and  high  hazards  per  Mission,  Mission 
scheduling  rules,  acute  fatigue  effects  across  a  sequence  of  Missions  within  a  day,  and  required  rest  and 
recovery  schedules.  In-house  laboratory  studies  have  generally  focused  on  crew  workload/hazard  studies 
per  Mission  and  have  not  generally  denooatrated  (or  sooctlnee  even  Investigated)  a  buildup  of  cunulatlve 
fatigue  across  Missions  as  this  relates  to  rest  requlrraeats  and  circadian  (t ine-of-day)  factors. 

An  integrated  body  of  data  providing  a  set  of  rules  which  can  be  applied  across  the  board 
to  all  new  tactical  aircraft  or  new  operational  Missions  Is  not  available,  in  addition,  the  effects  on 
perfomance  of  being  subjected  to  Multiple  stresses  repeatedly  on  a  tine  scale  consistent  with  operational 
practices  has  not  been  adequately  studied.  Furthermore.  the  duration  and  kind  of  rest  between  such  expos¬ 
ures  has  not  teen  evaluated.  This  Is  an  essentially  undeveloped  area  which  needs:  (a)  a  careful,  critical 
Integration  of  existing  studies,  which  are  f rsgnentary  at  best;  and  (b)  a  prograa  of  research  and  develop- 
ment  to  fill  In  the  gaps  so  that  rules  (possibly  In  the  fora  of  mathematical  Models)  can  be  developed. 

As  a  first  step,  a  diverse  and  scattered  body  of  technical  Information  related  to  this  pro- 
gran  elenent  aunt  be  Identified,  pulled  together,  and  used  to  develop  an  integrated  picture  of  the  current 
state-of-the-art  on  this  problan.  This  integrated  nunnery  will  provide  a  basis  for  planning  studies  on 
work/rest  schedules.  It  will  be  iaportant  to  conduct  such  studies  within  the  context  of  Multiple  stressors 
fron  environmental  sources  and  to  keep  the  program  field-oriented,  probably  by  accoapllshing  a  substantial 
part  of  the  work  In  field  studies.  The  product  of  these  studies  should  be  general  rules  for  work/rest  and 
Multiple  stress  effects  which  can  guide  the  formulation  of  operational  concepts  relative  to  the  crews. 

b.  Work/rest  cycles  (nuclear  A/C.  AUACS,  SAC  Missions,  etc.) 

Present  boaber  systems  and  future  aerospace  systesw  Involving  operational  requirements  for 
Missions  lasting  fron  one  to  four  days,  manned  in  some  systems  with  two  crews  (flight  crews  up  front  and 
mission  crows  aft.  In  the  case  of  AUACS) ,  generate  special  fatigue  problems  related  to  the  work/rest  cycles 
and  to  task  coaplcxity/crltlcality .  Inflight  rest  accoumodations  and  work/rest  schedules  appear  to  be 
particularly  Iaportant.  These  are  likely  to  Involve  quite  different  concepts  where  there  are  two  kinds  of 
crews.  These  probleas  are  taking  the  fora  of  (a)  acceptable  work  schedules,  and  (b)  crew  size;  these  are 
usually  alternate  facets  of  the  sane  question.  In-House  laboratory  studies  have  not  been  sufficiently 
comprehensive  because  (a)  questions  from  design  and  operational  Air  Force  elenents  have  been  presented 
piecemeal,  and  (b)  applicable  research  has  not  been  broad  enough  to  cover  all  rlemrnts  of  thr  problen.  In 
general,  however,  research  performed  on  problras  in  airlift  operations  and  ground-based  centers  will  pro¬ 
vide  data  applicable  to  this  area. 

c .  Work/rest  cycles  (transport  a lrcraf t_) . 

Operational  requirements  for  extended  missions  in  transport  aircraft  for  periods  fron  -  days 
to  two  weeks  (multiple  flights  per  mission)  result  in  recurring  problem*  on  Mission  scheduling  policies, 
duty  time  per  flight,  flight  time  per  month,  and  related  question*  on  crew  composition  and  crew  manning 
ratios.  The  problems  cosmonly  originate  in  the  t ora  of  concern  over  flight  fatigue  and/or  crew  workload, 
both  aspects  being  presented  in  a  rather  nonspecific  fora.  In-House  laboratory  studies  have  been  tailored 
to  the  specific  coaplatnt/system/alsslon  conf iguration.  which  has  made  it  dliticult  to  develop  general 
principles. 


Appro* inatrly  2  dozen  applicable  studies  have  been  conducted  in  the  past  1)  years  on  the 
factors  In  transport  operations  which  contribute  to  piloting  decrement.  These  studies  have  identified  a 
Multiplicity  of  on-duty  and  off-duty  factors  which  iapose  a  burden  upon  atrerewaen;  to  date  flying  fatigue 
per  ac  has  not  emerged  as  a  primary  problem,  but  the  nun-f lying  burden  has  been  dcammstrated  to  contribute 
to  significant  sot ivat Iona  1  deficiencies  which  in  turn  have  an  effect  on  overall  Mission  effectiveness 
One  of  our  studies  (2)  demonstrated  that  transport  crews  go  into  an  unpatternrd  living  and  working  schedule 
on  these  kinds  of  Missions,  but  follow-oo  studies  to  demonstrate  the  psychological  cost  have  not  been 
accomplished,  so  the  relevance  of  this  factor  to  work/rest  probleas  has  not  been  evaluated.  The  feasibility 
of  performing  acceptably  on  a  broken  sleep  schedule  has  been  sat isf actor  I ly  demonstrated  in  several  studies, 
provided  the  total  anount  of  sleep  is  adequate,  but  it  is  acconpanied  by  a  reduced  tolerance  for  additional 
stresses  which  needs  further  study.  An  extensive  literature  review  on  circadian  effects  has  failed  to  show 
an  operationally  meaningful  change  in  crew  efficiency.  Circadian  effects  are  easily  demonstrated  ou  bio¬ 
logic  parameters  and  are  accompanied  by  a  Mali,  tolerable  loss  in  performance,  but  the  interaction  with 
Other  stresses  (probably  an  additive  performance  loss)  has  not  been  adequately  studied.  Studies  on  the 
performance  effects  of  flying  through  time  zones  have  given  nixed  results,  and  it  frequently  suffers  fron 
limited  scope  as  well  as  methodologlc  deficiencies.  These  "time  zone"  effects  additional  study  In  the 
operational  context,  and  especially  in  the  context  of  multiple  stresses,  but  time  zone  stress  probably  wilt 
be  resolved  as  a  secondary  stressor  similar  to  circadian  effects.  All  of  these  studies  have  fed  to  thr 
formulation  of  a  third  category,  cumulative  fatigue,  standing  afdv.tv  between  acute  and  chronic  in  the  usual 
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medical  sense.  Work/rest  cycles  appear  to  be  an  important  variable  in  cumulative  fatigue,  but  effects  over 
months  need  study. 

We  are  in  better  shape  here  than  in  the  tactical  and  strategic  area,  in  the  sense  that  we  can 
define  the  studies  which  need  to  be  done.  Studies  should  be  conducted  to  identify  problems  related  to 
sleeping  and  resting  in  flight  and  in  enroute  BOQ's,  since  «ecovery  from  work  has  been  shown  to  be  the  key 
factor  in  recent  research.  We  need  more  research  on  the  environmental  envelope  for  adequate  sleep.  The 
operational  utilization  of  r.n  all-jet  airlift  force  and  advanced  svstems  involving  airborne-c ommand-post 
concepts  will  put  flylnR  crews  in  more  direct  conflict  with  time-anchored  siressors.  General  problems 
Involving  the  objective  and  subjective  aspects  of  cumulat lve  fat Igue  (conceptually  distinct  from  either 
acute  or  chronic  fatigue)  should  be  studied.  Many  of  these  factors  are  clearly  secondary  stressors,  so 
these  kinds  of  studies  can  await  the  availability  of  resources.  Field  studies  riding  "piggy-b.uk”  on  real 
operational  missions  to  ensure  the  validity  of  the  findings  should  be  conducted  opportunist ic a  1 ly .  utiliz¬ 
ing  operational  exercises  as  they  occur  within  the  operational  commands. 

d.  Work/rest  cycles  for  crews  in  electronic,  communications,  and  surv- i  1  lane  c-  centers  (ground - 

based) 


We  have  addressed  this  prohlen  in  my  laboratory  in  only  two  field  studies  but  It  is  important 
because  it  offers  clues  o  the  stress  effects  of  "mission"  c  rc-ws  in  AWACS.  C*.  SKACP,  etc.  Task-. ending  is 
particularly  important  in  this  area.  The  tasks  commonly  require  the  more  complex  toras  ot  discrimination 
and  decision-making  and  are  critical.  The  problems  cone  up  with  each  proposal  on  ground-bused  centers. 
Acceptable  work/rest  cycles  are  significantly  altered  by  task  factors,  but  vork-tu hedule  and  manning, 
decisions  are  usually  made  in  relation  to  space  constraints  Imposed  by  the  facility  Itself  and  its  geo¬ 
graphical  location  (e.g.,  a  remote  Minute-man  installation).  It  is  particularly  important  to  define  the 
acceptable  work/rest  cycle  envelope  while  providing  a  capability  for  extended  operational  (contingei.es> 
periods. 

A  rather  large  body  of  literature  in  related  aviation  activities  is  available,  including 
studies  conducted  in-house  and  on  contract  by  ESD,  some  work  supported  by  AMK1-,  FAA,  and  I’SAF  stuuies  on 
air  traffic  control.  Navy  studies  in  air  traffic  control,  for  battle  ccrmaand  centers,  and  in  submarines, 
as  well  as  less  formal  USA5  operational  studies  on  small  group  performance.  Crew  effectiveness,  motivation, 
subjective  changes,  morale,  and  remote- station  factors  have  been  evaluated.  The  initial  need  is  for  aa 
integrated  compendium  of  the  existing  literature,  written  in  user  language.  Studies  to  fill  the  gaps, 
most  probably  In  the  area  of  crew  effectiveness  during  “crises”  can  then  be  instituted. 

The  extensive  body  of  literature  pertaining  to  this  effort  urgently  needs  to  be  assembled 
and  integrated  in  order  to  provide  general  ground  rules  which  can  be  used  to  establish  concepts  of  systems 
management  related  to  crew  requirements.  This  Integration  will  also  provide  the  definition  of  requirements 
for  further  research  and  development,  which  must  consider  both  the  manning  and  nanagcnc-nl  o!  crews  during 
routine  operations,  and  the  capabilities  of  crews  to  function  during  extended  periods  of  crises. 

In  general,  then,  I  feel  that  an  acceptable  data  base  on  transport  operations  is  becoming  avail¬ 
able  because  of  continued  research  on  the  C-141/C-5.  Because  some  transport  data  will  be  applicable  to 
multi-crew  operations  of  one  to  four  days,  an  acceptable  data  base  will  gradually  become  available  In  this 
sub-area.  Tactical  air  operations  are  currently  receiving  less  attention  but  the  effort  is  growing;  it 
will  require  a  good  deal  of  work  to  dev  lop  the  appropriate  data  base.  Fragments  of  data  on  ground-based 
centers  are  scattered  through  the  technical  literature.  To  colled  and  collate  these  pieces  and  to  till 
In  the  missing  elements  with  special  studies  will  also  require  a  good  deal  of  work. 

The  significant  constraint  In  this  general  area  is  the  requirement  to  perform  a  major  part  of 
this  research  In  operational  settings  with  operational  personnel.  This  Is  vital  to  obtaining  meaningful 
data,  but  is  frequently  difficult  to  arrange.  Substantial  management  support  Is  needed  to  meet  this 
requirement. 

The  above  discussion  describes  the  current  situation  as  I  see  it  in  broad  categories  of  military  oper¬ 
ations.  The  next  step  will  be  to  summarize  my  views  with  regard  to  cyclic  variables  having  an  impact  on 
aircrews — contributors,  if  you  will,  to  irregular  rest  and  activity. 

Sleep.  The  studies  from  this  laboratory  have  paid  particular  attention  to  sleep.  A  summary- 
statement  on  sleep  must  necessarily  be  multifaceted. 

a.  Sleep  reduction,  sleep  disturbance,  changes  in  stage  patterning,  reductio.i  in  sleep 
duration,  sleep  at  atypical  times  relative  to  home  base,  and  poor  sleep  environments  are  all  primary- 
aircrew  stressors  in  military  operations.  Split  sleep  is  one  way  crewmen  cope  vi.h  sleep  problems. 

b.  Adequate  sleep,  or  ever,  somewhat  marginal  sleep.  Is  of  major  significance  in  maintain¬ 
ing  operational  effectiveness. 

c.  Good  sleep  In  the  post-mission  period  or  after  operational  exercises  is  essential  for 
recovery  and  subsequent  readiness  for  the  next  mission/exercise. 

d.  Self-reports  on  sleep  are  the  easiest,  most  practical  measure  of  the  effect  of  missions/ 
exercises  on  crews. 

Cost ■  In  this  laboratory,  we  use  the  concept  of  cost  as  a  global  approach  to  all  the  stress 
effects  we  see  In  a  study.  We  think  of  It  primarily  in  physiological  terms.  We  assess  it  in  several  ways. 

a.  Increased  sleep  during  the  mission/exercise,  if  such  is  feasible. 


b.  Carry-over  of  subjective  fatigue  across  sleep  periods  (cumulative  fatigue). 
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c.  Altered  biochemistry  (Increased  excretion  rate,  attentuatlon  of  amplitude,  phase 

shifts). 

d.  The  time  course  of  recovery,  to  Include  the  return  of  sleep  duration,  subjective  fatigue 
ratings,  and  biochemical  measures  to  normal  values.  Typically  In  day-time  tactical  operations  with  reason¬ 
able  work  days.  It  Is  accomplished  In  one  day.  Typically  In  multi-day  transport  missions  It  occurs  In  3  to 
4  days,  though  the  biochemical  measures  oscillate  around  normal  values  for  an  additional  2  or  3  days.  The 
bomber /AUACS/C^/MIACT  remains  relatively  lndetermlnant  at  this  time. 

Performance  Effects.  They  are  elusive.  Part  of  the  problem  Is  that  we  get  little  hard  data  In 
field  exercises.  Part  of  the  problem  Is  that  such  data  when  available  relate  to  second-order  measure* 

(e.g.,  sleep)  In  a  gross  way  only.  Furthermore,  we  probably  do  not  have  the  proper  scaling,  nor  the 
proper  time  intervals,  but  probably  the  most  Important  aspect  Is  that  crewmen  compensate — they  maintain 
performance  in  the  face  of  stressors,  but  at  a  cost. 

Subjective  vs.  biochemical  measures.  These  are  two  classes  of  second-order  measures  of  changes 
In  operational  effectiveness. 

a.  They  seem  to  relate  In  a  qualitative  sense.  We  haven't  seen  large  disturbances  In 
biochemistry,  for  example,  without  concomitant  changes  In  self-reports  on  fatigue  or  sleep. 

b.  The  time  courses,  the  underlying  time  domains,  are  different.  We  don't  have  a  usable 
time  base  accoaodatlng  both  classes  of  measures  at  this  time. 

c.  Equally  Important,  we  won't  have  the  required  correlating  scales  for  the  measures,  even 
If  we  found  the  proper  time  bases. 

d.  It  may  be  a  fruitless  chase.  If  we  attmpt  to  go  beyond  qualitative  comparisons. 

Secondary  Stressors.  It  Is  my  position  that  nany  of  the  cyclic  factors  about  which  we  are  con¬ 
cerned  In  military  aviation  operations  are  secondary  stressors,  i.e..  they  become  a  stressor  only  when  a 
primary  stressor  Is  already  having  a  significant  effect,  and  then  their  only  Impact  is  additive  to  primary 
stressor  effects.  I  would  offer  a  final  study  at  this  point  (19),  a  study  for  which  only  portions  of  the 
data  have  been  published  because  of  design  limitations  In  the  situation  in  which  the  study  was  conducted. 
Four  experienced  transport  pilots  flew  for  24  hours  continuously  In  a  C-130  simulator,  flying  11  legs  of 
2  hours  duration.  Each  pilot  began  In  a  different  quarter  of  the  day.  Performance  during  the  cruise 
portion  of  each  leg  and  an  ILS  approach  at  the  end  of  each  leg  were  scored.  Performance  during  cruise 
degraded  slowly  and  did  not  influence  performance.  The  changes  In  performance  were  much  more  Interesting. 
Craphic  records  (from  the  simulator  plotting  board)  of  the  last  four  minutes  of  each  ILS  (instrument  land¬ 
ing  system)  approach  were  scored  for  deviations  from  the  prescribed  flight  path.  The  maximum  score  was 
nine.  Table  VI  presents  the  ILS  approach  data  for  the  early  morning  hours  of  each  mission. 

TABLE  VI 


Mean  ILS  Scores  (3  approaches)  for  Each  Pilot 


Pilot  4 

Mission  Start  Time 

Approach  Number 

Mean  Approach  Score 

1 

2400 

2.1.4 

6.7 

2 

1800 

4,3,6 

6.3 

3 

1200 

6.7.8 

6.0 

4 

0600 

8.9,10 

4.3 

The  Indications  In  these  data  are  that:  (a)  Pilot  ”1  with  the  least  mission  time  (least  fatigue  ?)  per¬ 
formed  best.  The  next  two  pilots  (42,  43)  performed  almost  as  well  even  though  they  had  6  and  12  additional 
hours  of  mission  upon  reaching  the  low  part  of  the  lone  of  circadian  periodicity.  Pilot  44  performed  poor¬ 
est,  and  was  at  approximately  20  hours  into  the  mission.  This  suggests  that  the  circadian  stressor  impacts 
performance  (overcomes  compensatory  mechanisms)  only  after  a  significant  degree  of  fatigue  is  p.esent. 
Fragmentary  data?  Yes.  Provocative  data?  Yes! 

I  would  propose  that  the  following  cyclic  variables  are  secondary,  impacting  nan  only  If  primary 
stressors  are  already  taking  their  toll: 

a.  Duration  of  the  duty  day  beyond  16  hours;  note  thit  this  also  suggests  that  you  cannot 
assess  the  effect  of  a  20-hour  duty  day,  for  example,  unless  you  also  consider  where  it  occurs  on  the  clock. 

b.  Task  load,  when  variable  and  with  reasonably  short  peak  periods. 

c.  Contingency  demands  (e.g.,  an  emergency;  e.g.,  an  exerc'sc;  these  are  the  two  extremes), 
again  when  variable  and  with  reasonably  short  peak  periods. 

d.  Day-night  cycles 

e.  Time-zone  transition,  perhaps. 

Finally,  we  must  address  the  question  of  how  one  might  manage  aircrews,  given  all  the  problems  associ¬ 
ated  with  Irregular  rest  and  activity.  At  the  USAF  School  of  Aerospace  Medicine,  we  emphasize  provisions 
for  good  sleep,  preferably  at  times  appropriate  to  the  previous  duty  period  and  some  balance  of  local  and 
home  base  time.  For  example,  the  Crested  Cap  coeeanders  did  at  least  two  successful  thlngr:  (a)  scheduled 
the  arrival  In  Germany  to  provide  for  debriefings,  meals,  brief  relaxation,  and  bed-time  consistent  with 
local  sleep  schedules — after  a  demanding,  long  duty  day  of  preparations  for  deployment  and  the  trans- 
Atlantic  flight;  (b)  set  aside  12  hours  for  rest, 'sleep  on  the  first  night  after  arrival.  Mr  recovend 
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deliveiing  fresh  pilots  to  the  exercise/engageaent  arena  If  lamedlate  missions  are  contemplated — if  this 
Is  possible  (we  are  still  studying  the  feasibility  of  this  approach).  We  recoaaend  "tracking  the  psycho¬ 
logical  and  physiological  status  of  crews  to  look  for  growing  cuaulatlve  fatigue.  We  recoaaend  "tracking" 
the  efficiency  of  sleep — how  do  crews  feel  after  sleep?  How  auch  are  they  getting?  We  strongly  recoaaend 
realistic  post-aission  or  post -exercise  rest  periods,  up  to  3  days.  We  recoaaend  considering  loug, 
deaanding  duty  days  be  scheduled  with  one  eye  on  the  clock,  and  with  a  careful  appraisal  of  pre-alaslon 
activity/work.  We  recoaaend  enhai  cestent  of  sleep  and  rest  facilities  away  froa  home  base,  enhanceaent  of 
all  support  facilities,  and  provision  of  an  adequate  nuaber  of  well-tialned,  unfatlgued  support  personnel. 

We  recoaiend  ainlaizlng  all  ground  delays,  for  whatever  reason.  We  recasmend  reducing  the  duty  dsy  In  the 
face  of  high  envlronaental  stress. 

Nicholson  (1)  says  the  key  is  the  appraisal  of  duty  hcurs,  with  eaphasis  on  acceptable  sleep  patterns, 
adding  cautionary  notes  about  the  changes  In  sleep  behavior  In  crewaen  over  40.  He  suggests  that  soae 
hypnotics  aay  be  useful  for  scse  crewaen,  but  that  more  research  Is  needed. 

Rayaan  (11)  suggests  that:  (a)  we  accept  operational  experience  regarding  aircrew  duty  rules  unless 
there  are  unequivocal  research  findings  against  It;  (b)  that  an  on-scene  flight  surgeon  be  provided  for 
"hands-on"  evaluations  of  crew  aeabers,  particularly  after  the  early  period  of  an  extended  exercise; 

(c)  that  the  flight  surgeon  attend  to  fatigue  signs  and  provide  briefings;  (d)  that  the  best  possible 
food,  quarters,  and  inflight  provisions  be  available;  (c)  that  grounding  for  fatigue  be  a  Joint  decision 
of  the  flight  surgeon,  operations  officer,  and  the  crew  sober  concerned;  (f)  that  slaple  medical  monitor¬ 
ing  be  oployed;  (g)  that  all  extra  duties  be  suspended;  (h)  that  delays  be  minimized;  and  (h)  that 
quarters  be  located  as  close  as  possible  to  the  operations  building.  Finally,  we  can  infer  from  Rayaan 
that  significant  gains  can  rone  from  enhancing  the  motivational  structure. 

There  are  enough  suggestions  here  to  keep  all  of  us  and  all  wing  commanders  for  a  considerable  period 
of  t lme.  I  come  back  to  the  Importance  of  sleep. 
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PART  1 :  REFERFMCES  BY  THE  LECTURERS 

1 .  ASSESSMENT  OF  .IGILANCE 
Defayolle,  M.,  Jacq,  J.,  Fourcade,  J. 

Encephala,  Vol.  4,  No.  1,  1978,  19-32 
Two  aspects  of  vigilance  are  to  be  diatinguiahed  the  quantitative  one  ref era  to  sleep- 
wakefulneaa  diaeneion  and  the  qualitative  one  refera  to  focuaing  of  attention.  Their 
combination  leada  to  a  curvilinear  relationship  between  activation  and  performances. 

After  describing  the  psychometric  characteristics  -;f  vigilance  testa,  some  examples  are  given 
of  simple  paper-pencil  or  more  sophisticated  methods.  Physiological  indices  are  also  approached. 
The  sources  of  variation  influencing  vigilance  measurement  are  presented  and  also  some  useful 
experimental  designs.  At  last  some  remarks  are  mads  on  statistical  exploitation  and  interpre¬ 
tation  of  results. 

2.  INFLUENCE  OF  SCHEDULES  AND  OF  THE  TYPE  OF  WORK  UPON  VIGILANCE  TESTS 
Defayolle,  M.,  Liegeois,  J.M.,  Jacq,  J. 

Arch.  Hal.  Prof.  Med.  Trav.  Secur.  Soc.,Vol.  38,  No.  1-2,  1977,  39-142 
•Alertnets/'Psychologic  test/*Work  table/*Shift  worker/* Age/*Worker 

3.  STUDY  OF  THE  PROTECTIVE  EFFECTS  OF  AHINEPTINE  TOWARDS  VIGIL aNCE  DISORDERS  INDUCED  BY  CERTAIN 
THERAPEUTICS 

Defayolle,  M.,  Dinand,  J.P.,  Liegeois,  J.M.,  Giroud,  H. 

Arch.Mal. Prof. Med. Trav. Secur .Soc,  Vol .38,  No.  1-2,  1977,  152-154 

-Drug  comparison/* Antihistaminic  agent/*Serotonin  ant agonist/* Tranquilizer/* Alertness/* Man 
machine  interaction/* Aminopeptlde/* Industry 

4.  STUDY  OF  NOCTURNAL  VIGILANCE  IN  'HE  HUMAN  OPERATOR  (PHASE  1).  PART  1:  EXPERIMENTER  PROCEDURE 
(EFFECT  OF  SLEEP  INHIBITING  DRUGS  ON  HUMAN  OPERATOR  PERFORMANCE). 

Defayolle,  M.,  Dinand,  J.P.,  Jacq,  J. 

Royal  Aircraft  Establishment,  Fnrnborough,  RAE.Lib.Trans.l607. 

Alertness/* Drugs/'Human  Perforuance/Psychological  tests/Psychophysiology/*S’eep  deprivation/ 

Visual  perception. 

5.  THEORETICAL  AND  PRACTICAL  PROBLEMS  OF  VIGILANCE  (PSYCHOLOGICAL  AND  NEUROPHYSIOLOGICAL 
DEFINITIONS  OF  VIGILANCE,  CONSIDERING  ALCOHOL  AND  TRANQUILIZERS  EFFECTS) 

Defayolle,  M.F. ,  Dinand,  J.P.,  Fourcade, J. 

Revue  des  Corps  de  Sente  des  Armees,  Vol. 12,  1971,  165-186.  26  refs. 

•Alertness/Attention/Electroencephalography/*Ethyl  alcohol/Habituation  (Learning)/ intoxication/ 
•Neurophysiology/Palmar  Sweat  Index/* Psychology/Relaxation/  Phyaiology/Sleep/'Tranquilixera/ 
Wakefulness. 

6.  AIRCREW  FATIQUE  IN  NONSTOP,  TRANSOCEANIC  TACTICAL  DEPLOYMENTS 
Storm,  W.F.,  Hartman,  B.O.,  Makalnus,  D.J.. 

AGARD,  Studies  on  Pilot  Workload.  7  pp 

•Aerospace  medicine/* Biological  effects/F-4  Aircraft/* Flight  crewa/* Flight  fatigue/Flight  stress 
(Biology )/Physical  fitness/*Physiological  effects/Sleep  deprivation/Urinalysis. 

7.  HUMAN  AMINO  ACID  EXCRETION  DURING  AND  FOLLOWING  AH  EXTENDED  AIPBORNE  ALERT 
Hartman,  B.O.,  Ellis,  J.P.Jr.,  Garcia,  J.B.  Jr.,  Bollinger,  R.R. 

Aviat.  Space  Environ.Med,  Vol. 48,  No. 5,  1977,  3P9-398. 

The  urinary  excretion  of  free  amino  acida  was  measured  in  15  men  who  participated  in  a  continuous 
airborne  alert  for  an  extended  period  of  tiae.  "'hese  Ben  made  up  one  of  three  teama  which  took 

turna  eo  as  to  assure  that  at  least  one  team  -in*d  airborne  in  an  EC-135J  aircraft  at  all  timea 

during  the  96-h  alert.  The  team  making  up  the  .sst  group  herein  reported  was  airborne  for  8.5  h 
on  each  of  four  eucceseive  days;  flights  were  flown  during  the  daytime.  The  data  strongly  auggest 
that  the  participants  experienced  anticipatory  etreae  during  the  early  part  ul  the  first  two  flight 
days  of  the  alert,  after  which  the  excretion  of  amino  acids  was  virtually  unaltered.  Additionally, 
amino  acid  excretion  during  the  24  hr  period  following  the  alert  was  essentially  in  accord  with 
baseline  values  established  for  another  group  of  subjects. 

8.  THE  EFFECTS  OF  WO  STRESSORS  ON  TRADITIONAL  AND  *  U1NEERING  ANALOGUES  OF  COGNITIVE  FUNCTIONING  - 

CONSIDERING  HYPOXIA  AND  SLEEP  DEPRIVATION  IN  PL'  PERFORMANCE  EVALUATION 

Storm,  W.F. ,  McNee,  P.O.,  Albaneae,  R.A.,  'l*rtm  p  0» 

AGARD,  Higher  Mental  Functioning  in  Operation'!  ironaente,  12  pp 

Adaptive  control/* Cognitive  psychology/Compeiu _  .-y  tracking/Decisicn  making/* Flight  simulation/ 
•Hypoxia/*Pilot  Porformance/Peychomotor  perfnrmaice/’Sleep  deprivation. 

9.  ENDOCRINE  HETABOLIC  EFFECTS  IN  SHORT  DURATION,  HIGH  WORKLOAD  MISSIONS:  FEASIBILITY  STUDY 
Storm,  W.F.,  Hartman,  B.O.,  Intano,  G.P. ,  Peters,  G.L. 

Aeromed.Rep.  S AK-TR-76-30,  1976. 

A  study  wes  conducted  at  the  USAF  Instrument  Flight  Center  to  test  an  augment  assembly  of  measures 
for  assessing  the  relative  merits  of  various  flight  instrumentation  systems.  The  USAF  School  of 
Aerospace  Medicine  (SAM;  etrese  battery  was  included.  Although  the  etudy  was  uot  Resigned  #0  as 
to  permit  an  optimized  evaluation  of  the  SAM  etreee  battery,  the  following  reeults  were  noted: 
anticipatory  stress,  mi’-'  flight  etrese,  and  no  habituation  across  missions.  The  SAM  battery 
appears  to  be  a  ueefji  iddition  to  the  flight  instrumentation  research  program. 
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10.  ENDOCRINE-METABOLIC  INDICES  OF  A1BCREW  WORKLOAD:  AK  ANALYSIS  ACROSS  STUDIES 
Hale,  K.b.,  McNee,  B.O.,  dlls,  J-P.,Jr,  Bollinger,  H.R,,  Hartaen,  B.O. 

AOABD,  Simulation  sad  Stud;  of  High  Workload  Operations.  6  op. 

Adraaal  Metabolism/ Aerospace  medicine/* Endocrine  secret ions/* Flight  crewa/Flight 
simulation/* Flight  strsss  (Biology)/Huaen  rose tlooa/S tat iatical  analysis/* Work 
capacity. 

11.  OPERATIONAL  ASPECTS  OF  VARIATIONS  IN  ALERTNESS 

Hartaan,  Bryce,0. ,  8 tors,  Williaa,  F.,  Vanderveen,  John  E. ,  Vanderveen,  Ernestine, 

Bala,  Henry,  B  . 

AGABD-ogreph-189,  8. 1971*.  42  p. 

*Streaa  (phy>iology)/',Perforaance  (huaan)/*Vigilance/*Operetora  ( personnel )/At ten tioa/Behaviour/ 
Aviation  aediclna/Pilotn/Diet/Fatlgue  ( physiology )/En?ironaaota/Nervoua  system. 

12.  THE  EFFECTS  OF  EXTENDED  MISSIONS  ON  IBS  PERFORMANCE  OF  AIRBORNE  OOMUND  AND  CONTROL 
TEAMS:  A  FIELD  SURVEY 

O'Doanall,  Bobart  D.,  Bolliagar,  Balph.,  Hartaan,  Bryca,  0., 

Aerospace  Medical  Baeaarch  Lab,  Wright -Pat taracc  AFB  Ohio  AKPL-TB-74-20,  7.1974.  31  pp. 
*Teeae(personnel)/*Perforaance  (guaaa)/*Miaaioa  pro  files/*  Long  raaga  (tiae)/Huaan  factors 
engineering/ Ai rbo rne/S  t rasa  ( psychology )/Daciaioe  aaking/Fat IgucC physiology )/Attrit ion/ 

Data  acquisition/ Information  processing/ Information  transfac/ Cognitive  taaka/Informatioo 
intarpratatlon/Co— unlcatlng. 

13.  FATIGUE  IN  FB  111  CREWHttBERS 
Hartaan,  B.O.,  Hale,  H.B.,  Johnson,  W.A. 

Aerospace  Medicine,  Vol.45,  No. 9,  1974,  102b-1029 

Fifteen  bionedically  dedicated  ai salons  of  8  hr  duration  vara  flown  in  the  IS  ill  as  part 
of  its  initial  operational  avalv^tion.  Bach  ?  aan  craw  provided  data  on  aubjectiva  fatigue 
discoafort,  efficiency,  and  pre  d  poataiseioc  sleep.  In  addition,  urine  sables  obtained 
froa  one  crew  on  an  unusually  dat  ding  aimaion  vara  analysed  for  epinephrine,  norepinephrine, 

1?  hydroxy corticosteroids,  aodiua,  potaaaiua  and  urea.  The  data  showed  that  the  crews 
experienced  aodarate  fatigue  and  stress,  aggravated  by  physical  discoafort,  froa  which  they 
recovered  after  one  night  of  aleep. 

14.  PHYSIOLOGICAL  COSTS  OF  EXTENDED  AIBBOBNE  COMMAND  AND  CONTROL  OPERATIONS 
Bollinger,  B.B.,  O'Donnell,  B.D.,  Hartaan,  B.O. 

AOABD  Conference  proceedings,  Vol.  146,  1974,  A19-1-A19-9 

Hunan/ Exercisers  tresV  Fat  igue/P  er  foraance/Chsnge 

13.  P3YCHCBX0LCQXC  ASPECTS  OF  DOUBLE  CHEW  LONG  DURATION  MISSIONS  IN  C-5  AIRCRAFT 
Hartaan,  B.O.,  Hale,  H.B.,  Harris,  D.A.,  Sanford,  J.F., 

Aeroapace  Medicine,  1974,  Vol.  45,  No.  10,  1974,  1149-1154 

Subjective  fatigue  and  oral  teaperature  were  used  as  bioaedical  indices  in  a  study  in  which 
2  jet  transport  crews  alternately  operated  the  aircraft.  Data  collected  at  4  hr  intervals 
during  and  following  four  66  hr  ai  salons  (each  a  roundtrip  intercontinental  flight)  clearly 
established  that  theee  uieaiailar  functions  were  rhythaic  and  flight  factors  exerted  aodifying 
influence  on  both  rhythas.  Particularly  significant  was  the  finding  that  subjective  fatigue 
on  the  average  showed  Initial  latency,  an  intensification  phase,  and  a  reversal  phase.  The 
last  phase  apparently  represents  a  state  in  which  there  is  endocrine  aetabolic  and  syapathetic 
nervous  system  hyperactivity  (compensation) .  Oral  temperature  and  subjective  fatigue  responses 
to  prolonged  flight  tended  to  run  parallel  courses.  Recovery  rates  for  subjective  fatigue  and 
oral  temperature  tended  to  be  similar,  and  at  least  3  days  were  needed  for  elimination  of 
residual  flight  effects. 

16.  SYSTEMS  SIMULATION  A  GLOBAL  APPROACH  TO  AIRCREW  WORKLOAD 
Hughes,  H.M.,  Hartaan,  B.O.,  Garcia,  R.,  Lozano,  P. 

AGARD  conference  proceedings,  1974,  Vol. 146,  1974,  Al-l-Ai-14 
Human. 

17.  PHYSIOLOGIC  COST  OF  PROLONGED  DOUBLS-CREW  FLIGHTS  IN  C-5  AIRCRAFT 
Hale,  H.B.,  Hartaan,  B.O.,  Harris,  D.A.,  Miranda,  R.E.,  Williams,  E.W. 

Aerospace  Medicine,  Vol.  44,  9.1973,  999-1008,  15  refs. 

C-141  Aircraft/C-5  Aircraft/'Endocrine  Secretiona/’Flight  crewa/*Flight  atresa/Horaone  metabolisms/ 
Huaac  perforaance/Huaan  reactions/* Long  term  effect#/* Metabolism/* Physiological  responses.  Tables 
(data)/Work-reat  cycle 

18.  PHYSIOLOGICAL  COST  IN  36  -  and  48  -  hour  SIMULATED  FLIGHTS 

Hale,  H.B.,  Storm,  W.T. ,  Goldzieher,  J.W.,  Hartaan,  B.O. ,  Miranda,  R.E.,  Hosenfeid,  J.M. 

Aeroapace  Medicine,  Vol.  44,  8.1973.  871-881,  17  refe. 

Aerospace  aedi  :ine/Electrolyte  aetaboliam/Environaent  simulation/* Flight  simulation/* Flight 
stress  (biology)/  Horaone  metabolisms/* Physiological  responses/* Paychomo ter  perforasnct/Slssp 
deprivation/'Urinalysis/Work-rest  cycls. 

19.  FINDINGS  ON  THE  COST  OF  FLYING  TRANSPORT  MISSIONS  (HUMAN  STRESS  EXPENDITURES  IN  OPERATIONAL 
AIRLIFT  MISSION  FLIGHTS) 

Hartaan,  B.O.,  Hale,  H.B. 

AGARD  perforaance  and  Biodyn.  Stress  -  influence  of  interacting  atresaes  on  performance,  7  pp 
Coablned  streae/* Flight  stress  ( biology )/Huaaa  foctors  engineering/* Human  perforaance/Metaboliam/ 
•Fsychophyaiology/Streas  analysis/* Transport  aircraft/Work-reat  cycle. 
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20.  TIME  ZONE  ENTRAINMENT  AND  FLIGHT  STRESSORS  AS  INTERACTANTS.  (PHYSIOLOGICAL  TIME  ZONE  ENTRAINMENT 
AND  STRESSOR  EFFECTS  DURING  PROLONGED  C-141  TRANSMERIDIAN  FLIGHTS, USING  ENDOCRINE-METABOLIC 
INDICES  IN  URINE  SPECIMENS) 

Hal*,  H.B.,  Hartman,  B.5.,  Harris,  D.A.,  Willimaa,  E.W.,  Miranda,  R.E.,  Hosanfaid,  J.M. 

Aeroapaca  Nadicina,  Vol.  43,  10.1972,  1089-1094.  24  rafa. 

C-141  Aircraft/Electrolyte  tataboliaV’En  doer  ini  a*cr at iona/Epinephrine/*  Flight  straas 
( biology )/Uuaan  reactionVHydroxycortico#teroid/*Metabolic  waatea/’Phyaiological  raaponsae. 
Potaaaiua/'flhytha  ( biology )/Sodium/* Urinalysis. 

21.  PHYSIOLOGIC  STRESS  DURING  30-HOUR  DOUBLE-CREW  MISSIONS  IN  C-141  AIRCRAFT.  (WORK-REST  SCHEDULES 
ENDOCRINE  AND  METABOLIC  EFFECTS  ON  AIRCREWS  DURING  30  HOUR  FLIGHT  MISSIONS  IN  C-141  AIRCRAFT, 

USING  URINARY  TEST  TECHNIQUES) 

Hals,  H.B.,  Hartaan,  B.O.,  Harris,  D.A.,  Williaaa,  E.W.,  Miranda,  R.E.,  Hosanfaid,  J.M., 

Smith,  B.N. 

Asrospaca  Madicins,  Vol.  43,  3. i??2,  293-299 

Activity  cycles  (Biology )/Circadian  rhythma/'Endocrine  secretions/* Flight  craws/* Flight  strass 
( biology )/Hydrox;corticostaroid/*Matabolisa/Norapinap)<rina/Strass  ( physiology )/Urinalysis/ 

*Work-rast  cycla. 

2/ .  FIELD  STUDY  OF  TRANSPORT  AIRCREW  WORKLOAD  AND  REST  (TRANSPORT  iIRCREW  SLEEP  PATTERNS  EFFECTS 
ON  FATIGUE  AND  SLEEP  DISTURBANCES,  DISCUSSING  PHYSIOLOGIC  DEBT  AND  STRESSES) 

Hartaan,  B.O. 

Aarospaca  Madicins,  Vol. 42,  817-821.  7  rafs. 

Asrospaca  asdicina/Circadian  rhythma/Computerized  simulation/* Flight  craws/* Flight  fatigua/Flight 
simulation/* Flight  strasa/*Physiological  affects/’Slesp/Tranaport  aircraft/Work-raat  cycla. 

23-  PERFORMANCE  AND  FATIGUE  IN  EXPERIMENTAL  DOUBLE-CREW  TRANSPORT  MISSIONS 
Harris,  D.A.,  Pagraa,  Q.,  Varna,  Hartaan,  Bryca,  0. 

Aarospaca  Madicins,  Vol. 4 2,  No. 9,  9.1971,  980-986 

•Fatigua  (physiology )/Flight  craws  /Performance  ( Human )/Transport  planee/Pilots/ 
Slaap/Physiology/Strasa  ( physiology )/Aviation  aadicine.  Uncontrollad  taras:  Work  rast  cyclaw. 

24.  LONG-TERM  AIRCREW  EFFECTIVENESS/A  LITERATURE  STUDY/  (WORK  ENVIRONMENT  AND  TASK  FACTOR  EFFECTS  ON 
LONG  TERN  AIRCREW  EFFECTIVENESS) 

Cantrall.G.K. ,  Hartaan,  B.O.,  TriabXa,  R.W. 

School  of  Aarospaca  Madicins,  Brooks  AIB,  TEX.  SAM-TR-71-41.  13  pp 

•Aarospaca  aadicina/*Environaenta/*Flight  crawa/'Huaan  parforaanca/Rhytha  (biology)/Straaa 
( nhyaiol ogy ) /St rass  (psychology)/* Task  complexity/* Work 

23.  EVALUATION  OF  SLEEP,  PERFORMANCE  AND  PHYSIOLOGICAL  RESPONSES  TO  PROLONGED  DOUBLE  CREW  FLIGHTS. 

C-5  OPERATION  COLD  SHOULDER  -  A  PRELIMN  ARY  REPORT  (EFFECT  OF  WORK-REST  CYCLES  ON  PERFORMANCE 
OF  FLIGHT  CREWS  AND  SUPERVISORY  PERSONNEL) 

Hals,  H.B.,  Harris,  D.A.,  Hartaan,  B.O.,  Pagraa,  V.,  Storm,  W., 

AGARD,  Raat  and  Activity  Cyclaa  for  tha  maintenance  of  sfficiancy  of  personnel  concerned  with 
Military  Flight  Operations,  11.1970.  16  pp. 

Circadian  rhythaa/* Flight  crawa/Human  factors  snginaaring/'Human  parformanca/Physiological 
effacta/Faycnological  affacta/*Work-raat  cycla. 

2b.  ORAL  TEMPERATURE  IN  RELATION  TO  INFLIGHT  WORK/EEST  SCHEDULES 
Harris,  D.A.,  Hals,  K.B.,  Hartetan,  B.O.,  Martinez.  J.A. 

Aerospace  Madicins,  Vol.4l,  No. 7,  7.1970,  723-727. 

(•Body  tamperatura/Flight  crews )/(*Exerciae/Body  tsaperatura)/  Periodic  variations/Performance 
( human )/Paychomo tor  tasta/Rhytha  (biology )/Psychophysiology/ Aviation  madicins. 

27.  PHYSICAL  FITNESS  AND  FATIGUE  IN  AIRCREW  MEMBERS  ( CUMULATIVE^ CHRONIC/  AND  ACUTE  SKILL  FATIGUE 
AND  PHYSICAL  FITNESS  IN  AIRCREWS,  CONSIDERING  RELATIONSHIP  TO  PILOT  ERROR  ACCIDENTS) 

Hartman,  B.O. 

15th  Annual  corporate  Aircraft  Safety  Semina:  ,  San  Antonio,  Tax.,  May  11-13,  1970,  Proceedings. 

8  pp. 

Abilities/* Aircraft  aceideats/Ihronxc  conditions/Con Terences/* Flight  crewa/*Flight  fatigue/ 

Mantel  parformanca/’Phyaical  fitnesa/’Pilot  error. 

28.  CREW  PERFORMANCE  ON  DEMANDING  WORK/REST  SCHEDUELS  COMPOUNDED  BY  SLEEP  DEPRIVATION  (EFFECTS  OF 
WORK-REST  CYCLES  AND  SLEEP  DEPRIVATION  ON  CREW  PERFORMANCE  DURING  ORBIT) 

Cantrell,  G.K.,  Hartman,  B.O. 

School  of  Aerospace  Medicine,  Brooks  AFB,  Tax  -  SAM-TK-67-99,  J4  pp. 

Fatigua  ( biology)/* Human  parformanca/Human  tolerancea/Manned  orbital  laboratories/Manned  spaca 
rUght/*Sleep  deprivation/* Stress  (physiology )/Strsss  cyclaa/*Work-rast  cycla. 

29.  SUSTAINED  PILOT  PERFORMANCE  REQUIRES  MORE  THAN  SKILL.  (DATA  ON  CREW  WORKLOAD  IN  C-141  AIRCRAFT 

USED  FOR  EXTENED  MISSION  LIVING  AND  WORKING  SCHEDULES,  SHOWING  MAJOR  DISRUPTIONS  IN  REGULAR  PATTERNS) 
Cantrell,  G.K.,  Hartman,  B.O. 

Aeroapaca  Medicine,  Vol. 38,  8.1967,  801-803. 

Cycle/Da ta/Derivation/Empirical/Factor/Fitn#aa/Flying/*Flying  Pars onnel/Huaan/* Human  perforvmnca/ 
Miasion/'Miasion  planning/Modal/Parforsanca/Parsonnal/Physical/*Physical  fitnass/Pilot/Flanning/ 
Reat/Suataining/Time/Vork/*Work-reat  cycla. 

30.  APPLICATION  OF  TIME  AMD  WORKLOAD  ANALYSIS  TECHNICS  TO  TRANSPORT  FLYERS. -SAH-TR-67-71. 

Cantrall.G.K.,  Hartaan,  B.O. 

School  of  Aarospaca  Madicina,  SAM-TR-67-71 ,  7.1967,  1-22 
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31.  PSYCHOLOGICAL  FACTORS  IN  FLUNG  FATIGUE.  (PSYCHOLOGICAL  FACTORS  OF  ACUTE  CUMULATIVE  AND  CHRONIC 
FLYING  FATIGUE) 

HcrtaiQi  B.O* 

32.  FATIGUE  EFFECTS  IN  24-HOUR  SIMULATED  TRANSPORT  FLIGHT  -  CHANGES  IN  PILOT  PROFICIENCY  (FATIGUE 
EFFECTS  ON  PILOT  PERFORMANCE  AFTER  24  HOUR  SIMULATED  TRANSPORT  FLIGHT) 

Hartaan,  B.O. 

School  of  Aerospace  Madiclna,  Brooks  AFB,  Tax.  SAM-TR-65-16.  9pp. 

Fatigue/* Fatigue  teat/Flight/’Flight  aisulatioo/Perforaanca/Physiology/Pilot/*Pilot  parforaanca/ 
Prof i c iency/Siaulat ion/Tss t . 

33.  VARIATIONS  IN  SLEEP  SCHEDULES 

Johnson,  L.C.,  Naitoh,  P.,  Hoses,  J.M.,  Lubin,  A. 

Naval  Haalth  Research  C antra  San  Diago  Calif,  Navhitb -achc-77- 1 ,  1977.  8  pp 
*Slaap  atagaa/'Slaap  daprivatioo/Parformanca  (Hunan)/Behaviour/Enotions/Rapid  eye  movement  In 
sleep/Sleep/Scheduling/Reduction/Biological  rhythaa/Raprints  Uncontrolled  tarns:  Mapping/ 
Variations. 

34.  FEEDBACK  FOR  HIGH  EEQ  ALPHA  DOES  NOT  MAINTAIN  PERFORMANCE  OR  HOOD  DURING  SLEEP  LOSS. 

Hord,  D.J.,  Lubin,  A.,  Tracy,  M.L.,  Janaaa,  B.W.,  Johnson,  L.C. 

Psychophysiology,  Vol.13,  No.l,  1.19':',  38-61. 

33.  EFFECT  OF  SELF-ENHANCED  KEG  ALPHA  r  XRFOHMANCE  AND  HOOD  AFTER  TWO  NIGHTS  OF  SLEEP  LOSS. 

Hord,  D.J.,  Tracy,  H.L.,  Lubin,  A.,  Johnson,  L.C. 

Psychophysiology,  Vol.12,  No. 5,  9.1975,  585-90. 

36.  THE  OPERATIONAL  CONSEQUENCES  OF  SLEEP  DEPRIVATION  AND  SLEEP  DEFICIT 
Johnson,  L.C.,  Naitoh,  P. 

AQARD  Agardograph  (Franca),  Vol.  193,  1974,  1-43. 

Hunan  aircrew. 

37.  MOTIVATION ,  COGNITION,  AND  SLEEP  WORK  FACTORS;  CENTRAL  AMD  AUTONOMIC  NERVOUS  SYSTEM  INDICES 
(EFFECTS  OP  SLEEP  DEPRIVATION  AND  WORK-REST  CYCLES  ON  HUMAN  PERFORMANCE  AND  AUTOMATIC  AND 
CORRAL  NERVOUS  SYSTEM) 

Johnson,  L,C.,  Williaaa,  K.L.,  Stara,  J.A. 

Natl.  Acad,  of  Scisnca,  Washington.  "Hunan  Factors  in  Long  Duration  Spaca  Flight",  1972, 
pioS-130  Jpn  2921. 

38.  AQUANAUT  SLEEP  PATTERNS  DURING  TEKTITE  I:  A  60-DAY  HABITATION  UNDER  HYPERBARIC  NITROGEN 
SATURATION. 

Naitoh,  P.,  Johaaon,  L.C.,  Austin,  N. 

Aarospaca  Hadicina,  Vol. 42,  No.l,  1.1971,  69-77. 

39.  MODIFICATION  OF  SURFACE  NEGATIVE  SLOW  POTENTIAL  (CMV)  IN  THE  HUMAN  BRAIN  AFTER  TOTAL  SLEEP  LOSS. 
Naitoh,  P.,  Johnson,  L.C.,  Lubin,  A. 

Elactroancaphalogr.  Clin,  Neurophysiol,  Vol.  30,  No.l,  1.1971,  17-22. 

40.  ELECTRQEMCEPHALOGRAPHIC  AND  AUTONOMIC  ACTIVITY  DURING  AND  AFTER  PROLONGED  SLEEP  DEPRIVATION 
Johnson,  L.C.,  Slya,  E.S.,  Danas t,  W. 

Paychoaon  Had,  Vol.  27,  No.  5,  9/10.1965,  415-423. 

41.  AIR  OPERATIONS  AND  CIRCADIAN  PERFORMANCE  RHYTHMS. 

Klain,  K.E.,  Wagnann,  H.M.,  Athanaaaanaa,  G.,  HoKweck,  H.,  Kuklinakl,  P., 

Ariat,  Spaca  Err/iron.  Mad,  Vol.  47,  No-3,  3-1976  ,  221-230. 

This  papar  reviews  axpariaantal  ra suits  and  parlinaot  data  fron  tha  litaratura  on  circadian 
behavioural  rhythna  and  tbair  nodificationa  through  various  factors.  It  ralatas  than  to  tha 
oparatiou  of  aircrews  "round  tha  clock"  and  on  trananaridian  routes  and  discusses  son# 
poflslbiliti'M  of  an  appropriate  scheduling. 

42.  AIR  OPERATIONS  AND  CIRCADIAN  PERFORMANCE  RHYTHMS 

Klain,  K.S.,  Wagnann,  H.N.,  Athanaaaanaa,  G.,  3ohlw,ck,  H.,  Kuklinakl,  P. 

AQARD  conference  proceedings,  Vol.  181,  1976,  15-1-05-12. 

Hunan. 

43.  CIRCADIAN  PERFORMANCE  RHYTHMS:  EUPKRIMINTAL  STUDIES  IN  AIR  OPERATIONS. 

Klein,  K.E. ,  Hermann,  R. ,  Kuklinakl,  P.,  Wagnann,  B.M. 

Vigilance:  theory,  operational  parforaanca,  and  physiological  correlates.  New  York,  Planus 
Press,  1977. 

44.  THE  RESYNCHRONIZATION  OF  HUMAN  CIRCADIAN  RHYTHMS  AFTER  TRANSMERIDIAN  FLIGHTS  AS  A  RESULT  OF 
FLIGHT  DIRECTION  AND  MODE  OF  ACTIVITY 

Klein,  K.E.,  Wagnann,  H.M. 

Chronobioiogy,  1974,  564-570.  16  rafa. 

'Adaption/* Air  traneportation/Airl ine  operationa/Body  temperature/* Circadian  rhythms/* Human 
Raactloaa/*Pasaangara/Phaaa  Shift/* Physiological  reap onaea/Poat flight.  analyaia/Psychonotor 
parforaanca. 


45.  CHANGES  IN  THE  24-HOOR  RHYTHM  AFTER  TWO  TRANSATLANTIC  FLIGHTS  IN  RAPID  SEQUENCE  (EFFECTS  OF 
TWO  SEQUENTIAL  TRANSATLANTIC  FLIGHTS  ON  CIRCADIAN  RHYTHM  OF  BODY  FUNCTION  AND  PERFORMANCE) 

Wegaann,  H.M.,  Klein,  K.E.,  Kuklinaki,  P. 

221-233  Papers  froa  ths  Atrospscs  Mad.  Inst,  1973* 

•Air  traaaportation/Biological  effects/* Circadian  rhy chae/ Flight  crass/* Human  parformanca/ 

•Human  resctions/HydroxycorticosteroWStudenta/'Trauacootinental  ayateae. 

46.  INTERNAL  DISSOCIATION  AFTER  TRANSMERIDIAN  FLIGHTS 
Wegaann,  H.M.,  Klein,  E. 

Institut  fuar  Flugaedizin,  Bad  Godasbarg,  Hast  Germany  21st  International  Coogreua  on 
Aviation  and  Space  Medicine,  Munich,  West  Germany,  September  17-21,  1973,  Preprints 
3;’‘-337.  7  refs. 

Accliaatization/Body  composition  (Biology )/Body  taaparatura/*Circadl«n  rhythms/* Flight 
stress  (biology)/Flight  tiaa/* Human  parforaanca/Human  raactions/*Ph.iaa  shift/Paychomotor 
perforaance/Sleep  daprivatioc/Synchroniaa. 

47.  INVESTIGATIONS  REGARDING  THE  PROBLM  OF  CIRCADIAN  RHYTHM  DISTURBANCES  INVOLVING  FLYING 
PERSONNEL. 

Kuklinski,P.,  Klein,  K.E.,  Wegaann,  H.M. 

Institut  fuar  FXi^aedizin,  Sad  GodsSbarg,  West  Germany,  2ist  International  Congress  on 
Aviation  and  Space  Medicine,  Munich,  West  Germany,  September-  17-21 ,  1973,  Preprints  338- 
339.  7  refs. 

Body  temperature/* Circadian  rhy thas/* Flight  fatigue/Flight  tiae/*Buaan  reactions/ 

Psychoaotor  perforaancs/Reaction  tine/* Time  lag. 

48.  THE  RESYNCHRONIZATION  OF  DIAM  PERFORMANCE  RHYTHMS  FOLLOWING  TRAKSMER1DIAN  FLIGHTS  — 

OBSERVED  IN  TWO  GROUPS  OF  STUDENTS. 

Klein,  K.E. 

European  Space  Research  Organisation,  Paris, (ESBO-TT- 33),  123-139 

•Air  transportatioo/Biological  effects/* Circadian  rhythae/Flight  crave/* Hunan  reactions/ 
Passengera/Phaae  ehift/Studenta/* Synchronies •Transcontinental  ays teas. 

49.  RESYNCHBONIZATION  RATES  OF  A  PSYCHOMOTOR  TEST  RHYTHM  IN  MAN  FOLLOWING  TRANSLONGITUDINAL 
FLIGHTS 

Rosenblatt,  L.S.,  Klein,  K.E.,  Winget,  C.M.,  Hetherington,  N.W.,  Bel Jan,  J.R. 

Aerospace,  Med.  Assoc.  Annu.  Sci,  Meet,  Prepr,  Lae  Vegas,  Nav,  1973,  223-226. 

30.  DESYNCHRONIZATION  OF  BODY  TEMPERATURE  AND  PERFORMANCE  CIRCADIAN  RHYTHM  AS  A  RESULT  OF 
OUTGOING  AND  HOHBGOING  TRANSMERIDIAN  FLIGHTS 

Klein,  K.E.,  Wegaann,  H.M.,  Hunt,  B.I. 

Aerospace  Medicine,  Vol.43,  No, 2, 1972,  1 10-: V 

•Rhythm  (biology )/Flight  crews/Body  tsaperature/Diurnsl  variations/ Adaptation  (physiology)/ 
Responsss/Analysis  of  variance/Recoverj/  Circadian  rbytbas/Trinsaeridisn  flight-/ 

Desynchronization  (physiology) 

31.  PSYCHOLOGICAL  AND  PHYSIOLOGICAL  CHANGES  CAUSED  BY  DESYNCHRONIZATION  FOLLOWING  TRANSZONAL 
AIR  TRAVEL.  (TRANSZONAL  AIR  TRAVEL  AS  CAUSE  OF  PSYCHOLOGICAL  AND  PHYSIOLOGICAL  RHYTHM 
CHANGE  ON  PILOT  PERFORMANCE). 

Klein,  K.E.,  Bruener,  H. ,  Gunther,  £.,  Jovy,  D.,  Martens,  J.,  Riapler,  A.,  Wegaann,  H.M. 

Aspects  of  huaan  efficiency.  Diurnal  rhytha  and  loss  of  sleep.  Proceedings  of  the  Symposium, 
Strasbourg,  France,  12-17  July  '970,  English  Universities  Press,  1972,  295-305. 

Body  temperature/* Circadian  rhytbaa/Conferen:ea/Diumal  variations/ Flight  eiaulation/Ozygan 
conaumption/'Phyaic logical  factora/*Pilot  par foraanca/* Psychological  factora/Raaction  tiae/ 
Respiration/Vieuel  tasks. 

52.  CIRCADIAN  RHYTHMS  OF  PILOT'S  PERFORMANCE  IN  A  FLIGHT  SIMULATOR  AND  EFFECTS  OF  TIME  SHIFT 
(CIRCADIAN  RHYTHMS  OF  ?IL0T  PERFORMANCE  IN  FLIGHT  SIMULATOR  AND  EFFECTS  ON  TIME  SHIFT) 

Bruener,  H.,  Holtaenn,  K.,  Klein,  K.E.,  Bahaa,  H.,  Stolze,  J. 

AGARD,  Medical  -  Legal  aspects  of  aviation,  -  1970,  13  pp. 

Bibliographies/* Circadian  rhythae/Conferenca/  Fatigue  (biology)/* Flight  aieuletore/Phyeiologicel 
effecte/’Pilot  performance/* Time  response. 

53.  EFFECTS  OF  TRANSMERIDIAN  FLIGHTS  ON  THE  DIURNAL  EXCRETION  PATTERN  OF  17-HTDR0XYC0RTIC0STER0IDS 
Wegaann,  H.M.,  Bruener,  H.,  Jovy,  D.,  Klein,  K.E.,  Marbarger,  J.P. 

Aerospace  Medicine,  Vol.4i,  No.  9,i97n.  iry^-ioos. 

‘Flight/Cortieoeteroid  aganta/* Corticosteroid  agenta/Excretion/Rhytba( biology )/Physiology/ 

Stress  (physiology)/Urine/West  Geraany/Treneaeridien  flight. 

54.  CIRCADIAN  RHYTHM  OF  PILOTS'  EFFICIENCY  AND  EDICTS  OF  MULTIPLE  TIME  ZONE  TRAVEL 

Klein,  K.E.,  Bruener,  H.,  Holtaenn,  H.,  Rehae,  H.,  Stolze,  J,  Steinhoff,  W.D.,  Wegaann,  H.M. 
Aerospace,  Medicine,  Vol.  4l,  No.  2,  2.1970,  125-132. 

55.  CIRCADIAN  RHYTHM  IN  INDICES  OF  HUMAN  PERFORMANCE,  PHYSICAL  FITNESS  AND  STRESS  RESISTANCE. 
(CIRCADIAN  RHYTHM  IN  HUMAN  PERFORMANCE,  PHYSICAL  FITNESS  AND  STRESS  RESISTANCE  INDICES  UNDER 
HIGH  ALTITUDE  FLIGHT  SIMULATION  CONDITIONS) 

Bruener,  H.,  Klein,  K,E. ,  Wegaann,  H.M. 

Aerospace  Medicine,  Vol. 39,  5-1968,  5i2-5i8«  42  refs. 

Altitude  siaulation/Cardiovascular  system/* Circadian  rhy thaa/Conferencea/* Flight  atreee  (biology)/ 
High  altitude  environaente/*Huaen  performance/* Human  toIerancea/Hypoxie/"Phyeical  fitness/ 
Psychoaotor  performance. 
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56.  INVESTIGATION  OF  AIRCRAFT  CUM  FATIGUE  CM  LONG  -  DISTANCE  FLIGHTS  Will  JR  AIRCRAFT. 

Bruaoar,  U.,  Klein,  K.E.,  Buff,  S. 

Zeitachrift  Fuar  Flugmlaaanachaftan.  Vol.14,  2-1966,  109-121.  41  rota. 

Aircraft/*  Aircraft  saf  ety/ratigu»/night/*  Flight  fatlgua/* Flight  atrass/Loog/Paraneter/ 
Performanca/Pilot/'Pilot  parformanca/Pulaa/Bangn/Sate/St^aty/Stress/Tamperaturas. 

57.  INVESTIGATION  OF  THE  STRESS  ON  FLIOR  CREWS  OF  JR  AIBCBAR  OM  LONG- DISTANCE  ILIQRS 
(FLIGHT  C8EW  FATIGUE  ON  LONG  DISTANCE  JR  AIBCBAR  FLIGHTS) 

Bruaner,  H.,  Klaia,  K.E.,  Buff,  S. 

Royal  Aircraft  Establishment,  Fam  borough.  BAE-LIB-TBANS  -  1274.  30  pp. 

Civil  aviation/Coanercial  aircraft/* Flight  crema/'Flight  fatigue/* Flight  atraaa  (Biology)/ 

*Jat  aircroft/Psychophyniology. 

58.  INVESTIGATIONS  ON  STRESS  IMPOSED  ON  AIRCREW  IN  CIVIL  JR  AIBCBAR  DOBING  LONG-RANGE  FLIOR  - 
REPORT  ON  RESULTS  ON  THE  NORTHERN  ATLANTIC  BOOTS  (STRESS  IMPOSED  ON  AIRCREW  IN  CIVIL  JR 
AIBCBAR  DOBING  LONG  FLIGHT) 

Bruaoar,  H.,  Klein,  K.E.,  Buff,  S. 

Dautscha  Varauchaaaatalt  Fur  Luft  -  Und  Rauafahrt,  Bad  Godaabarg  DLR-FB-65-44.  10-1965,  67  pp. 
Aircraft/* Aircreu/Aviatioo/Civil/*Civil  aviatioc/Fatigun/ Biology  /  Flight/* Flight  atraaa/Jat/ 

*Jat  aircraft/Paychology/Safaty/'Straaa/Biology. 

59.  FATIGUE-STUDIES  ON  OVERSEA  FLIGHTS  -  A  PRELIMINARY  REPORT  -  (FLIGHT  FATIGUE  STUDIES,  DISCUSSING 
PARAMETRIC  EVALUATION  OF  CREW  PERFORMANCE  ON  OVERSEAS  FLIGHTS) 

Bruaoar,  H.,  Klaia,  K.E.,  Buff,  S.,  Wagoaaa,  H.M. 

13th  International  congresa  on  Aeronautic  and  Space  Medicine.  Dublin,  Ireland.  l4-i8  Septan bar  196*. 
9  pp  14  refs. 

Biological/* Biological  rhytha/Coofereccs/Fatigua/Flight/*  Flight  fatigu a/Per foroarce/Pilot/*Pilot 
perfornanca/Pulae/'Pulae  rote/Biol ogy/Rute/Rhythm. 

bC.  DIAZEPAM  AND  3-HYDBQXYDIAZEPAM  (TtXAZEPAM)  AND  SLEEP  Or  MIDDLE  AGE. 

Nicholaoo,  A.N.,  Stone,  B.M. 

Br.  J.  clin.  Pharooc.,  1979. 

61.  L- TRYPTOPHAN  AND  SLEEP  IN  HEALTHY  MAN. 

Nicholson,  A.N.,  Stone,  B.M. 

Electroencephalog.  clin.  Neurophyaiol.,  1979* 

62.  HYPNOTIC  ACTIVITY  DURING  THE  DAY  OF  DIAZEPAM  AND  ITS  HYDROXYLATED  METABOLITES,  J-HYDROITDIAZEPAM 
(TDttZEPAM)  AND  3-HYDBOXY,  N-DESMETHYLC1AZEPAK  (OXAZEPAM). 

Nicholeon,  A.N.,  and  Stone,  B.M. 

Proceedinga  of  the  Syopoaiua  on  Cbronopharsacology,  VHtn  International  Congress  of  Pharmacology, 
Paris,  July  '<978.  Perganon  Press  Limited,  Oxford. 

63.  DIFFERENTIAL  EFFECTS  OF  BENZODIAZEPINES  ON  SLEEP  AND  PERFORMANCE  IN  HEALTHY  NAN. 

Nicholson,  A.H.,  Borland,  B.G.,  Stone,  B.M. 

Proceedings  of  the  Northern  European  Symposium  on  Sleep  Research,  Basle,  1978. 

64.  HYPNOTIC  ACTIVITY  OF  3-HYDBOXY,  N-DESKEIHYLDIAZEPAH  (OXAZEPAM). 

Nicholeon,  A.N.,  Stone,  B.M. 

Br.  J.Clin,  Pharmacol.,  1978,  V0I.5,  No-5,  469-472. 

* Oxezapaa/* Drug  comparison/* Sleep/* Task  performance/* Ran  sleep/* Stage  1  sleep/*Stage  2  sleep/ 
'Stage  3  sleep/Stage  4  sleep/* Diazepaa/*Tesarapan/*Placebo. 

65.  IMMEDIATE  AND  RESIDUAL  EFFECTS  IN  MAN  OF  THE  METABOLITES  OF  DIAZEPAM. 

Clarke,  C.H.,  Nicholson,  A.N. 

Br.  J.  clin.  Pharmac.,  Vol.6,  1978,  325-331- 

66.  IRREGULARITY  OF  WORK  AND  PEST 
Nicholson,  A.N. 

Textbook  of  Aviation  Medicine.  Physiology  and  Hunan  Factors.  Tri-Nad  Books  Ltd,  London. 

67.  RESIDUAL  EFFECTS  OF  POTASSIUM  CLORAZEPATE.  A  PRECURSOR  OF  NORDIAZEPAM. 

Borland,  R.G.,  Nicholson,  A.N. 

Br.  J.  clin.  Pharaac.,  Vol.  4,  1977,  86-89. 
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68.  EFFECT  or  DIAZEPAM  AMD  POEAZVAM  (A  MURi  DCBXVA TWI  Of  OIAZVAM)  OH  SUV  II  MAR 
Nicholson,  A.N.,  Stan*,  U.,  Clark*.  C.S1. 

MIT.J.CUH.  PUJMACOL,  Ho.  3-4,  1976.  533-541. 

Sm  »n«t  of  diasaps*  (5  as  and  10  r.g),  sad  fiarny  (60  ag  sad  80  as),  a  aalakl* 
dsrivativs  of  dims spam,  oa  sleep  mi  studied  la  6  healthy  adult  aalaa  using  electrseacephal ography 
for  sleep  measures,  and  analogue  acalw*  for  awbjactle*  aeseeamsats  of  wall  beiag  aa4  aloof  quality. 
She  offoct  of  dial  op aa  wac  limited  to  th*  might  of  iageetioa,  but  tbo  offoct  of  foaasopaa  waa 
carried  over  to  tb*  mast  night  and  *o  modified  alaop  for  about  30  hr  mfttr  lagoatloa.  Sf facta  oa 
total  ala«p  tiao  war*  limited  to  tb*  might  of  iageetioa.  Thar*  worm  lacr**ooa  with  dlesepam 
(lOag)  (P»  0.05)  and  with  foamiapaa  (60  as  aad  80  ag)  (P»  0.001).  r*r  tb*  might  of  lagoatloa 
alaop  oaa*t  lataaci**  worm  ahorteaed,  aad  awabaalmga  war*  reduced  by  both  drug*,  lb*  lataocy 
to  atag*  3  was  shortened  by  foaasepaa  (60  ag  aad  80  ag)  (P=  0.05).  1b*  low  aad  high  daao  of 
each  drug  roducad  tb*  duratioo  (ala)  of  atag*  0  al**p  (P*  0.01),  but  foaasapoa  alao  reduced 

tb*  duratioo  (at")  o'i  stag*  1  *l**p  (P=  0.001),  mad  tb*r*  was  aa  lmcraasa  la  stag*  2  al**p 
(P=  0.01).  Wiu.  oamiapaa  tb*r*  war*  ao  *ff*cta  00  tb*  duratloa  of  stag*  3,  but  tb*r*  was 
evidence  that  atcg*  4  activity  waa  r*due*d  during  tb*  recovery  night  after  lagoatloa  of 
f oamiapaa  (80  rg).  Ho  effect*  war*  observed  oa  MM  a  loop.  Subjects  r*pert*d  aa  improved 
sans*  of  well  being  during  tb*  day  after  lagoatloa  of  dla**p*a  aad  f oamiapaa,  aad  with 
foaasapoa  they  reported  improved  al**p.  Corr*latloas  war*  calculat*d  for  *l**p  aaasur—  aad 
subjective  aaaaaaaaota. 

69.  EFFECT  OP  A  METABOLITE  Of  DIAZEPAM,  3  gTDHOXTDIAZEFAM  (HMAZXPAK),  OH  SUV  IN  MAM. 

Nicholson,  A.H.,  Stona,  1J. 

MM.  J.  CUM.  PHABMACOL,  Ho.  3-4,  '976.  543-550. 

Tbs  affect  of  3  hydroxydiaxspj*  (taarapaa,  10  ag  aad  20  ag)  oa  al**p  was  studied  In  6  healthy 
adult  aal*s  using  *l*ctroaac*pbalography  for  sleep  measure*,  and  analogue  seal**  for  subject!** 
******* an to  of  well  being  aad  sleep  quality,  lb*  affect*  ware  compared  with  dlasapaa  (5  as  and 
10  ag).  Effect  on  total  aleap  tia*  was  restricted  to  the  night  of  Ingestion.  There  was  no 
change  in  total  alaop  tia*  after  teaatapia  (lOag),  but  with  20*g  total  sleep  tia*  was  Increased 
(P  =  0.01).  Sloop  oaaat  latoucies  and  awakanlmga  war*  markedly  reduced.  Taaetepaa  reduced  tb* 
duration  (nin)  of  etat*  0  (P  =  0.05)  and  a tag*  1  (P  =  0.01)  sleep,  and  the  effect  on  stag*  1 
was  eean  during  each  two  hourly  interval  of  sleep  (P  *  0.05).  Ho  effects  were  observed  with 
stage  3,  3*4  and  MM  sleep,  except  that  tb*  appearance  of  the  first  MM  period  was  delayed  with 
tanaxepan  (20ag)  (P  =  0.001).  The  subjects,  as  *  group,  reportsd  lap  roved  sleep,  but 

subjective  ******* ante  of  well  being  were  not  altered.  Correlations  ware  calculated  for  sleep 
aeasures  and  subjective  ******* ante. 

70.  ERECT  OP  N-DCSMEWLDIAZIPAM  (HOBDIAZEPAM)  AND  A  PBBCUBSOH.  POTASSIUM  CUKA2EPATX.  OH  SUV 
IN  MAN. 

Nicholson,  A.N.,  Stone,  B.M.,  Clarke,  C.H.,  Ferres,  H.M. 

M  J  Clin  Pharmacol,  Vol,  3,  No.  3.  6.1976,  429-438. 

Th*  effect  of  N-deenathyldleaepea  (r.oraiazap&n,  5  mr.a  "0  mg)  ar.-i  petasaian 
clorarepst*  (15  eg,  a  precursor  of  nordlacepaa)  "J  sleep  was  studied  in  six  healthy  adult 

aalaa. 

Electroancephalcgrapb;  (EBQ)  wae  uaed  for  sleep  aeasures,  sad  analogue  scale*  were  used  for 
subjective  asaeeeaente  of  well-being  and  sleep  quality.  Effects  on  total  sleep  tia*  war# 
liaitad  to  tb*  night  of  ingestion.  Tbar*  were  increases  with  aordiazepaa  (5  and  10  eg) 

(P  =  0.05)  and  0.001  respectively),  and  with  clorezspat*  (15  *f)  (P  =  0.01).  Sleep  onset 
latencies  were  shortened,  particularly  with  nordiexspsm,  and  awakening  to  stage  0  activity 
w w.  reduced,  by  both  drugs.  The  latency  to  stag*  3  was  reduced  by  nordiaxspam  (5  and  10  ag) 

IP  *  0.05).  There  were  no  effect*  of  nordiaxapaa  (5  ag)  on  tbo  duration  (nin)  of  alaop 
stage*.  Nordlezepan  (10  ag)  and  elornrepata  (15  «*)  reduced  th*  duration  of  stag*  0  and 
stage  1,  and  there  were  increase*  In  stag*  2.  Seduced  atag*  1  and  increased  stag*  ?  sleep 
were  observed  during  tb*  recovery  night.  No  effects  were  observed  with  atag*  3,  but  there 
was  evidence  that  atag*  4  activity  was  depressed  on  th*  recovery  night  only.  No  effect* 
were  observed  on  BEN  sleep,  except  that  th*  appearance  of  th*  first  MM  period  waa  delayed 
with  cloraxepat*  (15  ag)  P  -  0.01).  Th*  effect  of  nordlacepaa  (10  ^)  and  cloraxepate 
(15  ag)  were  comparable,  aad  each  aodifiad  sleep  for  about  28-30  h  after  ingestion.  4  With 
nordiaxapaa  (10  ag)  and  clorsxspat*  (15  ag)  th*  subjects,  as  a  group,  reportsd  isprovsd 
sleep,  but  subjective  assessments  of  well-being  were  not  altered.  Correlations  war* 
calculated  for  aleep  aeasures  aad  subjective  aaseeaaents. 

71.  PEBTOHUHCE  AND  IMPaIBED  PEHPOBMAH'X. 

Nicholson,  A.N. 

MIT.  J.  CUN.  PHABKACOL,  No.  3-4  1976  521-522 
•Phmreacothsrapy/' Psychedelic  agent/Per foresee e. 
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72.  BEHAVIOURAL  SEQUJZAE  Of  METHAQOALONS  IB  MAM  AMD  IB  TOT  MONKEY  (MAC AC  A  MULATTA). 

Borland, R.G.,  Nicholson,  A.N.,  Wright,  C.M. 

Br.  J.Clin,Ri*raacol,  Vol.  2,  No.  2,  4.1973,  131-141 

Residual  ef facts  in  mb  of  Mthaqua)  one  hydrochloride  (400  ag)  wort  atuditd  by  adaptive 
tracking  aad  by  raactioo  ti at. 

Performance  waa  saarired  at  10  h,  13  b,  16  h,  19  b,  aad  34  h  after  tht  overnight  ingestion 
of  tba  drug.  There  waa  no  evidence  of  iapairtd  ptrforaaact  on  adaptive  tracking  froa 
10  b  to  19  h,  but  tnhacctd  ptrforaaact  (P  =  0.001)  waa  obatrttd  34  h  after  ingestion. 

With  reaction  tiat  aa  iacreaae  (P  =  0.01)  waa  observed  10  b  ted  a  dtcrtaae  (P  =  O.05) 
waa  obaarvtd  19  b  after  ingestion-  Efftcta  in  tht  monkey  (Kacaea  aulatta)  of  aetbaqualoca 
(20  aad  30  ag/kg  body  weight)  w»-t  atuditd  by  a  delayed  matching  taek  in  which  total 
raeponaa  tiat  waa  Maaurad.  No  coaaiataat  tffecta  00  matching  behaviour  or  oe  total 
rtapoaaa  tiat  wart  obaarvtd  2  h  after  intraperitoaeal  injection.  Tht  atudiea  auggeat 
that  mtthaqualooa  hydrochloride  may  be  a  valuable  hypnotic  for  occaai ooal  uaa  by  ptraooa 
involved  in  akillad  activity. 

73.  COMPARISON  Or  THE  RESIDUAL  EJTECTS  0 T  TWO  BENZODIAZEPINES  (NITRAZEPAM  AND  PLURAZEPAM 
HYDROCHLORIDE)  AND  PENTOBARBITONE  SODIUM  ON  HUMAN  PERFORMANCE. 

Borland,  R.G.,  Nicbolaon,  A.N.,  Wright,  C.M. 

Br.  J.  Clin,  PharMcol,  Vol.2,  No.  1,  2.1975,  9-17 

Tht  rtaidual  efftcta  of  two  benzodiazepine*,  nitrazepam  (10  mg)  and  fluraztpaa  hydrochloride 
(30  mg),  and  pentobarbitone  aodium  (200  mg)  were  atuditd  by  adaptive  tracking  and  by  reaction 
time.  Performance  waa  Maaurad  at  10  h,  13  h,  16  h,  19  h  and  34  h  after  ingestion  of  each 
drug.  Impaired  performance  on  acUptive  tracking  waa  obaarvtd  at  10  h,  13  h,  16  h  and  19  h  after 
nitrazepam  and  pentobarbitone  sodium  and  at  10  h,  13  h  and  16  h  after  flurazepea 
hydrochloride.  Enhanced  performance  was  observed  at  34  h  after  nitrazepaa  and  pentobarbitone 
aodium.  Increased  reaction  time  persisted  to  1 C  h  after  nitrazepaa,  fluraztpaa  hydrochloride 
and  pentobarbitone  sodium  and  rea  ion  time  was  alao  increased  at  34  h  after  nitrazepam  and 
pentobarbitone  sodium.  During  the  '-■irning  iaMdiately  after  ingestion,  the  subjects  as  a 
group  were  able  to  differentiate  ccrrectly  between  placebo  and  drugs,  but  they  were  not  able 
to  assess  accurately  the  persistence  of  the  residual  effects  cf  nitrazepam  and  pentobarbitone 
sodium.  Plurazepem  hydrochloride  would  appear  to  be  a  more  promising  benzodiazepine  than 
nitraxepM  for  use  aa  a  hypnotic  by  persona  involved  in  skilled  activity.  There  was  a  rapid 
recovery  of  performance  during  the  afternoon  and,  unlike  pentobarbitone  sodium  and 
nitrazepam,  subjects  retained  the  ability  to  recognize  impaired  skill. 

74.  LONG-RANGE  AIR  TO  AIR  REFUELLING  A  STUDY  OF  DUTY  AND  SLEEP  PATTERNS 
Mills,  N.  H.,  Nicholson,  A.N. 

AGARD  conference  proceedings.  Vol.  146,  1974,  A14-1-A14-9 
Hunan 

75.  HUMAN  PERFORMANCE  AFTER  A  BARBITURATE  (HEPTAB ARBI TONE) 

Borland,  R.G.,  Nicholson,  A.N. 

Br.  J.Clin.  PharMcol..  Vol.2,  No.  1,  1974,  209-215. 

The  residual  effects  of  heptabarbitone  given  overnight  were  studied  by  an  adaptive  tracking 
technique.  Decrements  in  performance  were  observed  at  a  10  hr  interval  after  200  mg,  at 
10  hr  and  13  hr  intervals  after  300  mg  and  at  10  hr,  13  hr,  16  hr  and  19  hr  intervals  after 
400  ng  of  the  drug.  Deeres  mats  in  performance  at  each  interval  and  the  persistence  of  the 
effects  ware  does  related.  Subjective  assessments  of  performance  correlated  with  measured 
performance,  but  the  subjects,  as  a  group,  over  estimated  their  performance  after  placebo 
and  heptabarbitone.  With  heptabarbitone  (400  mg)  highly  significant  decrements  in  performance 
persisted  to  the  19  hr  interval  after  ingestion,  but  subjective  assessments  of  performance 
to  the  19  hr  interval  did  not  differ  significantly  from  subjective  assessments  of  control 
activity  of  the  day  before.  Individual  blood  concentrations  of  heptabarbitone  did  not  give 
a  significant  correlation  with  individual  performance  decrements,  although  the  blood 
concentrations  and  parforaanca  decrements  at  each  doss  wars  related. 

76.  DOTY  HOURS  AND  SLEEP  PATTERNS  IN  AIRCREW  OPERATING  WORLD-WIDE  ROUTES. 

Nicholson,  A.N. 

Aerospace  Medicine.,  Vol. 43,  1972,  138-141. 

77.  PHYSIOLOGICAL  CONSIDERATIONS  OF  DISTUWWD  SLOP  WAKEFULNESS  CYCLES  IN  THE  AERO  SPACE  WVIRCNJONT 
Nicholson,  A.N. 

Man  in  apace.  Proceedings  of  the  Fourtn  International  Syapoaiun  on  basic  environmental  problems 
of  man  in  apace,  Yerevan,  USSR,  1-6  October  1971  (Diet.  By  Univelt,  San  Diego,  Calif. 

Bunas. 

78.  IM7UHMCK  OF  DUTY  BOORS  OH  SLEEP  PATTERNS  IN  AIRCREW  OPERATING  IN  THE  LONG  HAUL  TRANSPORT 
BOLE.  A  STUDY  OP  SINGLE  CREW  OPERATIONS  AND  DOUBLE  CHEW  CONTINUOUS  7LIUC  OPERATIONS 
(INTUJENCX  OP  DUTY  BOORS  ON  SLEEP  PATTERNS  IN  FLIGHT  CREWS  DURING  LONG  DURATION  PLIGHTS) 
Nicholson,  A.N. 

AGARS,  rest  ead  activity  cycle#  for  the  maintenance  of  efficiency  of  personnel  concerned  with 
Military  Plight  Operations,  11.1970,  11  pp 

•Plight  crew^* Plight  fmtigua/*Buamn  perforaanc^Physlological  effectm/Strees  (physiology)/ 
Work-remt  cycle. 
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?9.  DOUBLE  CHEW  CONTINUOUS  FLUNG  OKKATICHS:  (i)  A  STUDY  IN  AlBCRBt  SLEEP  PATTERNS; 
tii)  MILITA8T  IMPLICATIONS. 

Atkinson,  D.W.,  Borland,  R.G.,  Nicholaon,  A.N. 

Aerospace  Msdicin*,  Vol.  61,  10. *970,  1121-1126 

Continuous  flying  operations,  in  which  craws  slaap  aboard  tha  aircraft  instead  of  sleeping  at 
route  stations,  provide  an  operational  capability  independent  of  positioned  crews.  Such 
aissiocs  aay  lead  to  sleep  difficulties  and  it  is  concluded  froa  two  nissiona  operated  by 
Boyal  Air  Force  Air  Support  Coaaaad  that  the  optiaua  duration  is  68  hours.  In  the  ease  of 
a  fast  strategic  transport  aircraft  this  provides  s  world-wide  capability. 

80.  khjtabt  dhucaiiqms  or  slut  patterns  in  transport  aibcnew. 

Nicholson,  A.N. 

Proc.  Roy.  Sec.  <J#d. ,  Vol.  63«  1970,  370-372. 

81.  SUSP  norms  or  an  airline  pilot  operating  world-wide  east-vest  routes. 

Nicholson ,  A.N. 

Aaroapacs  Medici^*,  Vol.  61,  1970,  626-632. 

82.  APPSKIAXXON  OF  BE  EFFECTS  OP  CHANGES  IN  WORK  REST  SCHEDULES  UPON  VARIOUS  CIRCADIAN  SHIRKS 
BY  AUTO  ESTIMATION  TSdMIQOXS  (FATIGUE,  ETC.)  AND  AUTO  MBAEDUOKT. 

liiibtr||Ae 

Arch.MaI.Prof.Mo4.trav.Secur.Soc.  Vol.  38,  No.1-2,  1977.  163-166. 

•Circ-iien  rhythi/*Fatlgu^*Vork  tablV*Oil  industry/* Worker/* Shift  worker/* Working  tine. 

83.  ADJUSTMENT  0 T  BTSIOUOICAL  CIRCADIAN  RH1TW6  TO  SHUTS  IN  RE  KOBE  REST  SCHEDULE  EVER! 

3-6  DATS  IK  OIL  KEUXEBT  OPERATORS. 

8eiaberg,A.,  Viaux,  H.,  Laports,  A.,  et  al 
Arch.Mal.Prof,  Vol.  37,  Mo.  6,  197b,  679-696. 

7  healthy  adult  aaa  (froa  21  to  36  yr;  aeaa  =  26.6),  oil  refinery  operators  volunteered  to 
parfora  self  asasursaanta  at  fixed  clock  bourn  11  hr,  3  Hr,  9  hr,  13  hr,  17  hr  21  hr)  3  tlas^ 
26  hr  (not  during  alaep),  both  at  work  sad  at  been,  ovary  day,  daring  8  consecutive  weeks. 

The  participants  were  givan  sheet a  sad  iaatnasaata  to  docuasat  tha  foil  owing  variables:  aood 
end  fatigue  (self  rating);  raadoa  nmbir  addition  teat,  heart  rata,  oral  t separators,  peak 
expiratory  flow,  grip  strength,  systolic  blood  preaauro  (self  assaur saints).  3  of  thane 
participants  have  bias  shift  working  for  7  nth  to  3  yr  with  the  following  timing  (given  in 
tha  rotation  order):  aoraal  day  froa  7  hr  to  3  yr  with  the  following  tining  (givan  in  the 
rotation  order) ;  noianl  day  froa  7  hr  65  to  16  hr  30;  night  ahift  froa  21  hr  to  6  hr; 
enrol ag  shift  froa  6  hr  to  13  hr;  erasing  ahift  free  13  hr  to  21  hr.  Tha  ahift  duration  has 
boon  (and  still  in)  3-6  days  (rapid  fetation).  Tha  other  two  participants  (controls)  warn 
working  a  aoraal  day  only,  Tina  aeries  thus  collected  (13,000  ne near manta)  were  analysed 
using  the  cosiaor  an  the  sain  statistical  aethod.  Endpoint  and  confidence  interval  estiaatee 
for  circadian  acrophaaa,  phi,  (phi  «  tiaiag  of  the  peak  in  the  26  hr  scale),  enplltorts  and 
aeaor,  M  (M  <  26  hr  rhytha  adjusted  anas)  were  computed  tranavsraally  for  each  day  and  each 
variable.  A  Delta  pal  phase  ahift  in  the  work  rant  schedule  (Delta  pel  of  aocio  eco logic 
aynchroaisara)  in  followed  by  an  aerophone  ahift,  Dslta  psi,  of  the  studied  variables.  The 
adjuntnant  cf  phi  following  a  Delta  pal  8  hr  in  very  rapid  (within  1  or  2  days)  both  after 
a  phase  delay  (Delta  pai  from  the  aoraal  day  to  the  night  shift)  or  a  phase  advance  (Delta 
psi  froa  the  night  ahift  to  the  aoralag  shift).  Quick  adjustment  is  usually  observed  among 
shift  workers,  representing  in  fact  selected  subject:  ;  pr sensibly  this  ability  has  a  genetic 
origin.  Tha  teaporal  relationship  between  phi  of  tha  studied  rhythm  are  not  altered  by  Delta 
psi  leading  to  the  conclusion  that  thin  aspect  of  the  t sapor  al  structure  is  not  altered. 
However,  the  phis  are  gathered  around  aid  work  during  the  normal  days  and  the  evening  shifts 
but  before  aid  work  during  the  night  shifts  and  after  sddwork  during  tha  morning  shifts. 

This  lack  of  coincidence  in  tine  between  phis  and  aid  work  (working  hours  scheduled  at  a  wrong 
tine)  any  contribute  to  produce  a  certain  type  of  fatigue  during  night  and  aorming  shifts; 
it  suggests  also  that  the  work  per  ao  is  a  r other  poor  synchroniser  by  coapariaoc  with  the 
socioecology  dependant  work  rent  schedule.  In  subjects  able  to  adjust  quickly  tha  rapid 
rotation  of  ehifta  eeiaa  to  be  well  tolerated  froa  a  chroaophysiological  point  of  visa. 

This  fact  ban  to  be  kept  in  Bind  since,  socially  as  wall  as  psychologically,  the  acceptance 
of  the  rapid  rotation  in  better  than  tha  conventional  weakly  shift.  A  biological  iadax 
to  detect  quick  adjusters  dose  not  exist  an  yet.  Individual  variations  in  the  speed  of 
adjuatasat  after  a  Dslta  pai  has  to  be  taken  into  consideration  in  studies  involving 
seal  pul  etl  nee  of  synchronisers. 

86.  BtDOCHDtX  CIRCADIAN  BISKS  IN  UNUSUAL  CIRCUMSTANCES  OH  INVIBOROMT. 

Roiabarg,  A. 

Prohl.  Actuals  Endocrinol.  Nutr. ,  Vol.  19,  1973,  209-221. 

85.  EVALUATION  OP  CIRCADIAN  ECSTNCHBONUATION  DURING  TRAKSMERIDIAN  FLIGHTS. 

Belabor* ,  A. 

Arch.  Mai.  Prof.,  Vol.  32,  No.  6,  6.1971,  390-393- 

86.  EVALUATION  OF  CIRCADIAN  DISCHBQNLSM  DURING  TRANSMERIPIIN  FLIGHTS. 

Ejiabtsii  A* 

Stud.Qea.  (Borl),  Vol.  23,  No.  11,  1970,  1159-1*68. 


hi  l 


37.  EVALUATION  OF  CIBCADIAN  DISCHBW1SH  DOSING  T8AKS MERIDIAN  FLIGHTS  (CIBCADIAN  RHYTHMS 
SYNCHRONIZATION  CHANGES  IN  HOMAN  BIOLOGICAL  AND  PHY5IOLOGICAL  RMCTIONS  DOBING 
TBANSNOtlDIAN  FLIGHTS) 

Reinber-,  A. 

12th,  Opan  aaatlng  of  working  froup  V,  ayvpoaiua  on  biological  rhythaa,  and  syapoaiua  on 
nutritioa  of  aan  in  apaca,  Prague,  Czechoslovakia,  1  —Zh  Kay  1969,  Pub.  by  North-Hollaed 
Publishing  Co. ,  8  rafa.  172-174. 

Biological  affactV’Circadiar,  rhythaa/Conferenoes/* Flight  tiaVLifa  aciancaq/fchyaiological/ 
raaponae^Synchroaiaa. 

88.  BIOfAMIgAt.  RgTTWS  -  REVIEW  OF  SOKE  RKfilT  DATA  (BIOLOGICAL  BHTTKKS  IN  KAN,  ANIMALS  AND 
PLANTS). 

Bainbarg,  A. 

Revue  Da  Xadiciaa  Aaronautlqua  at  Spatiala,  Vol.?,  1968,  127-130.  59  rafa. 

•Activity  cyclaa  ( biology )/Aaroapac#  aedicina/Aniaaln/'Circadian  rhythaa/ConfarancaV 
Bavironaantal  eogineering/Plenta  (botaB;)/*Paychological  ef fee tr/* Social  isolation. 

89.  CIBCADIAN  AND  L0W-FRB}UO1CY  RHYTHMS  IN  HUMAN  PHYSIOLOGY 
Hal  bar g,  F.,  Bainbarg,  A. 

J.  Phyaiol  (Paria),  Vol.59,  No.l.  Supply.,  1967,  117-200. 

90.  INTXBBELATIOMSHIPS  BETWEEN  BIOLOGICAL  RHYTHMS  WORK-RES?  SCHEDULES  AND  TASK  PERFORMANCE. 
Weitzaan,  Elliot,  D> 

Hontafiora  Hoapital  and  Madical  Caetar  Bronx  NY  Dapt  of  Naurology,  11.1977. 

•Biological  rhytha^*Raat/*Work/*Perforaanrv  (Huaan)/T*at  faetlitiaa/Tmt  aethodn/Taat 
aquipaant/Haval  peraonntl/PaychophyBiology/Naval  watch. 

91.  BILATIONSHIP  OF  THE  CI3CADIAN  BHTTHKS  OF  SKIN  AND  COBE  BODY  TD.PERATURES  UN  DEB  ENTRAINED 
AND  FREE-RUNNING  CONDITIONS  IN  KAN. 

Czaialar,  C.A.,  Waitxaan,  E.n.,  ra-Eda,  M.C.,  Ki-auaa,  A.L. 

Fad.  Proc,  Vol.  36,  No.  3*  816. 

•Circadian  rhytW*Skin  teaperaturq/* Exercise/* Body  ceaperatirq/Volunteer. 

92.  THE  KELATIONSHLP  OF  SLEEP  AND  SLEEP  STAGES  TO  KEUBOBiDOCBINE  SECRETION  AND  BIOLOGICAL 
RHYTHMS  IN  MAN. 

Waitxaan,  E.D.,  Boyar,  R.M.,  Kapaa,  S.,  Hallaxn,  L. 

Bacant  Prog.  Horn.  Baa.  Vol.  31,  1975,  399-446. 

9J.  ACUTE  BEVEBSAL  OF  THE  SLEEP-WAKING  CYCLE  IN  MAN  -  EFFECT  ON  SLEEP  STAGE  PATTERNS  (HUMAN 
SLEEP  PATTERN  CHANGES  DUE  TO  ACUTE  SLEEP-WAKING  CYCLE  REVERSAL). 

Goldaachar,  D.,  Krlpke,  D.F.,  HcGragor,  P.,  Mogaire,  C.,  Waitxaan. 

Archives  of  naurology,  Vol.  22,  6.1970,  485-489.  29  rafa. 

•Circadian  rhytian/*Huaan  reactiona/Rapid  aya  aovanant  3tate/*Sieep/Sleap  deprivation/ 
•Wake fulness. 
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pm  z.  momom.  BOSSES. 

94.  nttun  OBBATIONI  AMO  «JV  CHMUVATIOK  -  PnCW  OM  ZMOZCB  Of  STSXU 
reiMMCoiii,  I.P.,  Stoke*,  J.W.,  lemderat,  L.X. ,  Kswnl,  D.M. 

A  viatica  Iptci,  aad  htli—Ul  MekieUe,  Vul.  49,  11.1976,  1271-1274.  19  ref* . 

OriM  sample*  war*  *ulji*4  to  evnlunt*  th*  a f facta  of  sleep  deprivatloa  wU  aMitioaal 
atraaa  impoeed  on  two  group*  of  highly  trained  aad  activated  all  1 tar 7  ptraoaaal  deprived 
of  alaap  while  auataiaiag  parforaaae*  of  thalr  eaet^ed  military  taaha  wader  aiaulatad 
conditio**.  On#  group  ia  iaforaad  that  the  auatalaad  oparatioa a  eaa  parsist 

to  86  hr,  while  th#  other  ia  told  that  tho  auatalaad  oparatioa*  acoaario  will  not  exceed 
W  hr.  Th*  raaulta  auggaat  that  aatieipatiaa  aad  pareaptioa  of  th*  experimental  aitwatioa 
af facta  th*  cbbubii  urinary  lad i eaa  of  atraaa  (17  -  hydraxycecticontemidn,  eatacholaaiaaa) . 
Nor*  importantly,  alailar  a f facta  a r*  aotad  for  ajapathicnadroanaohill  ary  aad  adraaocortieal 
activity.  Moreover,  th*  roapoaaoo  ara  affected  by  aituatioaal  uacartaiaty  aad  apparaat 
cuaulativ*  fatigue. 

99.  DATTDCX  STATS  AMD  NKBR-T1MS  SLXXP,  A  Stiff  STUDY  ARB  A  KAAAAKM  OBOOP  BCPBIBCS. 

Qlaubaan,  H. ,  Hartmann,  S. 

Percept  Not.  SkiUa,  Vol.  46,  Mo.J.l,  6.1976,  711-715- 

Th*  nocturnal  alaap  of  9  auhjacta  waa  recorded  under  two  condition*  following  a  naora*lH 
weekend  and  following  a  weak aad  in  which  tho  auhjacta  participated  in  a  paychodyaaalc 
narathon  group  activity.  Difference*  between  th*  two  aapariaaatal  condition*  war*  found 
for  alaep  latency  aad  on  on*  aaaauraaaat  of  D-lataacy.  loth  lateacia*  war*  reduced  after 
th*  aarathon  group.  Mo  difference*  war*  found  on  th*  renal alag  12  aaaaurcnaat*.  Than* 
f jading*  toad  to  raaf fire  th*  atahility  of  alaap  pattern*  under  varlou*  pra- alaap  condition*. 

96.  SLOP,  MOOD,  AMD  fATZOOX  DOBING  A  14-DAT  Ha-02  OKM-SXA  SASUBATZOM  DZVX  TO  850  faw  WITH 
nCOHSXOMS  TO  990  faw. 

Towaaand,  H.K. ,  Hall,  D.A. 

Dadaraa*  Bioaod,  Baa.  Vol.  5,  Mo.2,  6.1976,  109-117. 

To  obtain  information  on  alaap,  aood,  and  par fornanca  of  divara  and  aurfae*  eupport 
paroonaal  during  deep  diva*  1a  th*  span  eaa,  12  divers  and  12  aurfae*  support  paracnnal  war* 
nonitorad  during  a  14-dny  open  sea  saturation  diva  using  th*  D.S.  Msvy  Deep  Diving  Systen, 
Mark  2,  Mod  0.  Divara  lived  in  th*  deck  daconpreaalon  rbember*  at  850  faw  equivalent  and 
nude  5  days  or  excursion  wet  divas  to  approximately  950  faw  via  th*  P*r*ona*l  Tran* far 
Capsule.  Electroancaphalographic  and  eel f- report  naaaures  of  alaap,  and  naaauras  of  aood, 
anxiety,  and  4-choice  reaction  tins  performance  war*  obtained  during  a  pradiva  baaa-lin* 
period  and  throughout  th*  diva  and  daconprasalon.  Be suit*  suggested  that,  unles*  personnel 
ara  rotated,  there  era  limitation*  to  th*  practical  duration  of  vary  doap  opan-aa*  saturation 
divas  caused  by  the  accumulation  of  alaap  debt,  fatigue,  and  loss  of  psychological  vigor. 

97.  SLXXP  PARSES  IX  TKRXX  AOTTX  COMBAT  rAXIOOX  CASHS. 

Schlosborg,  A.,  Benjamin,  M. 

J,  Clin.  Psychiatry,  Vol.  39,  Mo.  6,  6.1978,  546-549- 

A  preliminary  report  ia  presented  as  th*  sleep  patter**  of  three  coabat  fatigued  patient* 
with  recurrent  nightaar**,  insomnia,  low  frustration  thresholds  and  impotence.  All  th* 
patient*  had  undergoes  acuta  partial  sleep  deprivation  prior  to  their  breakdown.  Th*  result* 
show  saver*  deficiency  ia  BDf  alaap  and  absence  of  stags  4  sleep.  DO  was  usually  high  with 
numerous  body  movement*  and  burst*  of  tachycardia  throughout  th*  night. 

Mightnaran  occurred  in  stag*  2.  Total  effective  alaap  tin*  was  between  129'  and  250'.  Most 
of  th*  sleep  was  in  stag*  2,  and  pntiants  wok*  up  with  th*  feeling  that  Mth*y  had  not  alept 
at  allM.  It  ia  hypothesised  that  scut*  partial  sleep  deprivation  prior  to  breakdown  was  an 
important  predisposing  factor,  and  that  chronic  partial  sleep  deprivation  waa  a  constant 
aggravating  factor  of  coabat  fatigue.  Emplacement  therapy  for  th*  specific  deficient  sleep 
state*  1*  proposed. 

‘Vi.  SLEEP  DD>HIVA7I0N  AND  SUSTAINED  OPERATIONS:  EFFECTS  ON  INDICES  OF  STRESS. 

Fr.ir.cesconi,  R.P.,  Stokes,  J.W.,  Banderet,  L.E.,  Kowsl,  D.M. 

Army  dene arch  Inst.  of  Environmental  Medicine,  Natick  Mass,  USARIFM-H-22/78,  2.197) 8.  10  p. 

Two  groups  of  highly  trained  and  motivated  military  personnel  were  deprived  of  sleep  while 
sustaining  performance  of  their  assigned  military  tasks  in  a  laboratory  simulation,  one  team 
(i)  waa  sleep  deprived  for  4A  hours  wnile  the  second  team  (ii)  was  deprived  of  sleep  for  two 
corrective  JO  h  period*  separated  by  a  JJ  h  rest  interval.  Six-hour  urine  samples  were 
collected  on  a  24  h  basis  alter  an  appropriate  control  period  for  each  team.  During  sleep 
deprivation  subjects  wer»  required  to  perform  their  assigned  military  tasks  on  a  sustained 
basis  for  the  duration  of  the  scenario.  Results  indicated  that  their  anticipation  and 
perception  of  the  experimental  situation  affected  the  comnon  urinary  indices  of  stress. 
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99.  MUi  9  MBUPB  K  IIMTMII  OF  All  POKE  IDEM.  -  OKAW2AtXO>  OF  Ml 
MIMIB  PM 90  Ua&-OUt*KX  FUSSES, 
hfia,  JJ. 

Mill),  Mooting,  Acwola  Military  <1  fa* it*  I  iraatig,  Im,  Italy,  24  Fohrwary  1976. 

Ut.  Mad.  lift.  Syai,  fol.  40,  1977,  153-164. 

100.  sans  wwm  or  nun  flexes  raunaraMKS  mam  man  mui  ccnut  tunmas. 

Bwrtoa,  1.1. ,  Star*,  M.F.,  Johan**,  L.U.,  Lovaratt,  S.D.,  Jr. 

Avtat.  Syaea  Mviro*.  No*.,  fol.  46,  Sa.  4,  4.1977,  301-307. 

Xa  atrial  eaafeat  aaaawvors  (ACNa),  at  Lok*  All,  Aa,  ai|kt  pilot*  fit*  their  two  F-i5 
aircraft  aplait  aiat  pllata  la  three  F-106  aircraft.  A  total  of  aiao  flints,  consisting 
of  23  ACNa,  wara  accswpllahod  la  5  arc  anal  so  4ayo.  The  dogmas  of  fatigwe,  otraoo,  aad 
aygathitic  activity  wara  gaoatlfiod  aoias  4a t A  aabjactia*  aaalyooo  aad  LOo  Uockwical 
constituent*  la  th#  arlao  of  th#  pilots  of  tho  F-15  or  F-106.  Biochaaicol  indicators, 
report od  par  100  ag  crootiaiao,  iacladed:  oplaophriao,  aoropiaophriaa,  17-OKS,  uraa, 
inorganic  phoaphata,  aodiw*,  pataaalia,  aad  aodja^pataaaiwa  ratio.  Iho  F-106  pilot* 
axortod  oora  rolativo  offart  thoa  did  tho  F-15  pilot*— effort  which  agpoarod  to  ha 
aaoociatad  with  high-3  tip tr late*,  hath  grasps  of  pilot*  wara  ogwally  f at 1 gw  ad  following 
ACNa;  howovar,  oaly  tha  fatigwo  of  the  F-106  pilot*  woa  diractly  corralatad  with  tha  laagth 
of  tha  ACK.  Bypaths  tic  aad  atraaa  raapoaooa  dariag  tho  ACH— siailar  for  hath  growpa  of 
pilot*— ohowad  paotfliyt  iacraaaao  of  5M  ia  apiaophriao,  19*  ia  aoropiaophrlaa,  aad  20h 
ic  17-OEQE  oaor  pra flight  aalwoo,  tha*  auggaotiag  a  hodorato  otraoo  roopaao*.  Baotiag 
levels  of  thaaa  oaaa  ladle* tar*,  far  day*  tha  pilot*  did  aot  fly  and  for  pra-ACM  aalwoo, 
war*  aiailar  bat  higiar  thoa  eoatrol  aalwao  previously  reported  for  othar  atraaa ful 
activitio*.  Sy  lata  aftaraoaa,  poat flight  aalwoo  for  thaaa  ladle* to ra  had  ratwrtiod  to  aaar- 
prafllght  laaala. 

101.  m  fuoit  f Aiian. 

fatxqa  is  mu.  ohios  w mowsiolooicos  pc  mum  oihoaocnco. 

Barroro  lldtaa,  F. 

AKS.  MnOhXOL.  1977.  Yol.  40,  ho.  3.  197-216 

Flight  fatigwo  ia  regarded  aa  a  aalticoaaal  oyadroao,  with  a  coaaoa  factor  coaaiatiag  la 
tha  attaatioa  affactatiaa.  It  ia  axpoctad,  in  thia  aaaaa,  that  tha  aaw  DO  technique*, 
whoa  approaching  tha  aowrophywiologic  awpporto  of  ouch  aa  affactatiaa  la  a  daapor  way  thoa 
tha  traditloaal  alactroaocaphalography,  will  allow  a  uaafwl  coaplaaaatary  diagnosis.  tha 
dityoatic  aaluo  of  a  oariaa  of  proposed  taata  caecaraiag  cardiology,  body  taoparatura, 
ophthalaology,  poychology,  clinical  aad  biochaaical  neurology  la  critieisad,  all  of  thaaa 
balag  cooaidarad  of  ralatla*  aaofulaaoa.  A  aariao  of  neurophysiologic  data  related  to  the 
attaatioa  aad  alpha  rt-yUa,  aeaotoay  of  tha  otiauli,  diffiewltioo  or  lack  of  alaap  shown 
by  coavaatioaal  SK  or  VCM,  fatigue  due  to  tho  rupture  of  tho  biologic  rhytbaa  whan  flylag 
waatward  aad  vice  versa,  aad  tha  e additions  of  alaaping,  tiao-tabla  aad  sodalities  of 
tha  aleapiag  profile  are  caaaidarsd.  The  individual  diffaraaca*  ia  thia  raopact  are 
aaaluatad  and  tha  pcaeibility  of  traiaiag  effect*  act  the  various  fuactiaaa  era  takao  into 
account. 

ioc.  invasion  or  nx  slot  uakkfqlkk&s  patzsw:  effects  cm  cibcaoiak  vahuticms  u 
FSTCaanRSIC&OGICAI.  icrmxiQN. 

Akers t ad t,  T. 

SSQOHMICS,  Vol.2C,  ho.5,  1977,  459-474. 

Thirty-aix  habitually  dayworkiag  railway  rwpairaan  war*  aapoaad  to  a  3  *««k  period  of 
oightwork.  Tha  ouhjact*  wara  studied  with  raopact  to  circadian  rhytha*  ia  catocholaaiaa 
axcrotioa.  body  taaporotura,  subjective  alert****  ad  aood.  For  half  tha  group  tho 
r«aouraraata  covorod  on#  24  h  period  before  oightwork,  the  first  weak  of  night  work,  tbo 
thi.ru  weak  of  night  work,  aad  tho  first  weak  after  return  to  day  work.  For  the  other  half 
aaaauraaaota  wore  aad*  during  tho  first  aad  third  day  soak  after  the  night  work,  Hiring 
day  work  weak*  all  variable*  exhibited  pronounced  circadian  variation,  peaking  ia  tha 
early  afternoon,  with  the  exception  of  body  taoparatura  which  reached  ita  navlmin  ia  tha 
evening.  Hiring  the  first  weak  of  night  work  tha  day-oriaotad  pattern  of  adrenalin* 
excretion  persisted  but  th*  naan  24  h  lavjl  wan  increased  and  day  elaap  level*  war*  vary 
high.  By  tho  third  weak  of  night  work  th*  circadian  pattern  had  flattened  out  at  a  vary 
low  naan  level.  For  noradrenaline  excretion  considerable  adjuataant  tcowparsble  to  an 
inversion)  to  night  work  wan  ease  with  high  night  values.  For  body  tsaparatura,  self rat  ad 
alertness  and  nood  circadian  functions  flattened  out  during  eight  work.  It  was  concluded 
that  all  variable*  war*  strongly  affected  by  th*  exposure  to  night  work  and  that  adrenalin* 
excretion  indicated  a  atraaa  raopoaa*  of  tna  organian.  kith  reference  to  othar  studies 
it  woo  also  concluded  that  adrenalin*  excretion  is  not  easily  phase- shifted  through  a 
three  weak  spell  on  night  work,  while  noradrenaline  in  contrast  appears  to  adjust  very  rapidly. 
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wbivatich  at  tbaccw  nanauHcx  is  static  aw  dquktc 


Coiliaa,  V.L 

J.  AWL-  Kim.  Vol.  62,  Ho.  5,  1977,  567-573* 

Tk*  lhfl'iaare  of  y*  aad  55  Hr  of  alaay  dayrivatina  oa  scorea  derived  fro*  araxall  j 
tracking  the  local liar  aaedle  a*  a*  aircraft  iaatruaeat  was  aaaaaaed  aadar  Hot*  static 
(no  aotioa)  aad  dyaeaic  (whole-body  eagular  accalcratiaa)  laboratory  caoditiaaa.  la 
sack  of  2  atyar laaata,  20  youag  mb,  equally  divided  la  to  eeatrol  m4  ala  ay  deprived 
group  a,  vara  taatad  ia  a*  eaclosod  rotator,  la  dartotea*  with  the  axcaytioa  of  the 
ill  visa  tad  track  lag  display.  Si^tificaat  c'crrcaeat*  ia  dyaeadc  parfor*a*ca  war o 
uaifenly  oktaiaad  aftar  26  kr  a*d  aora  of  sleep  la**.  Static  aeacaa  oar*  la** 
caealataatly  iayairod.  >  del  el e tr at i o*  of  d-aapAetaaiaa  aftar  55  kr  of  alaay  la** 
radeeed  error  for  kotk  static  a*d  dyaeaic  tracking;  although  perforaaac*  at  botk  tasks 
ro*ai*ad  poorer  for  alaay  doyriaod  subject*,  tkeir  static  trackiaf  acoro*  did  sot 
differ  oigaificeatly  fro*  caatrol  subjects  2  kr  aftar  dn*  iagaatiea.  Tka  study 
iadicata*  dear  p*rfor*a*ca  i*yair*aat  for  a*  avietioa  -  related  task  after  a  sight  without 
alaay.  Xay*ir*a*t  ia  gaaarally  greater  with  iacr— lag  a*a  *ta  of  alaay  la**  a*d  ia 
Mra  pervasive  ia  **tio*  aaviroaaast*. 


SHSSS  AHC  SUM* 

Sck— i  tar.  0. 

SCHUEXZ.  ABCS.  BUM  MBBOCHTB.  M1CHATS,  Vol.  121,  Ho.  1,  1977,  *7-56. 

For  tkia  payer,  yaychoyhyalolagical  rolatioaakipa  kataaa*  atroa*  a*d  alaay  are  caaaidarad 
witk  raferaaca  to  cl laical  psychiatric  yrokla**.  Aa**or*  to  tka  first  gaaatiaa  •  kow 
doe*  alaay  affect  tka  tolar  a*  ca  of  atroa*  ia  tk*  wateiag  stag*?  .  ar*  ye  added  ky  alaay 
dayri ratio*  azyariasata.  The  latter  skew  tkat  tatal  alaay  dapbieatle*  kaa  a  gr*at 
iaflaaac*  o*  atr***.  Sowarar  gradaal  partial  alaay  dayri vatic*  to  a  alaay  tia*  of  5  kr 
ate**  wall  tolaratad  ky  aaat  iadividaals.  la  aa*a  ayecial  caaaa  tk*  aatkor  foaad  aakjacta 
wall  adaytad  to  tk*  workaday  wsrld  wko  caald  live  witk  kriafar  alaayiag  period*.  Baca*** 
of  axyarl seated  yrokla**,  ta*  aacoad  toastie*  -  kow  eras  atroa*  affect  alaay?  -  la  asre 
difficult  to  aaewar.  Aaxiaty  is  e*a  of  tka  *a*t.  leyartaat  factors  datari orating  alaay 
iidar  coaditiaaa  of  atraaa.  Tkia  reduce*  alaay  is  ia  tun  straaaful  far  wakiag  kakavioor. 
Tbua,  tka  ralatioaakiy  katwaaa  atraaa  aad  alaay.  2  factors  aayaratad  for  aciaatific 
iavactigatioa,  ia  aaaaatlal  aad  aayscially  iayortaat  ia  tk*  yrokla*  of  lanali 

tdk  zaa  chaws  aho  sjor 

Sasaki,  Wdo,  S. 

JIKXXKA1  NtD.J.,  Vol.  26,  Ho.  2,  1977.  129-163. 

Tkia  study  iavaatigatad  tka  affects  of  tia*  ao*a  ckaagaa  of  alaay.  Ik*  aakjacta  war* 

6  aula  ciriliaa  aircraft  occuyaata,  aged  26-67  year*.  Aftar  tia*  aaa*  rhaagr  wi  tk 
gaograykl ral  tia*  diffaraac*  of  7  kowrs  (katwoaa  Tokyo  aad  Sea  Fraaciaca),  all  ei^t  alaay 
atudiaa  war*  aadartakea  ia  Saa  Fraacieco.  Tka  rasalta  ar*  aanariaad  as  fella**:  l) 
Diaturkaaca  ia  iatra-alaay  cycle  as  a  wkolo,  though  slid.  2)  Tendency  to  easy  awheel  eg  is 
tka  eight  aad  to  iatorrsytloaa  of  alaay.  3)  Slight  inrraaaa  ia  BW  (alaay  aaa  M), 
aayacially  ia  the  fint  keif.  6)  Slight  dgcraaaa  la  SBM  (alaay  HI).  5)  Taaaaacy  to 
allgkt  delayed  HBR  Slooy  lataacy  aad  chortealag  aad  uoatjhlllty  la  tka  deratioa  or  MM 
Sloop  ia  tk*  fint  half.  6)  Taadsecy  to  koaylag  a  ei^  level  of  pula*  rata  ia  tka  first 
half  (okaarvad  ia  two  subjects).  Tk***  ckaagaa  ar*  eoasldarad  to  Bead  varies*  lava* tigs  tia 
ia  tk*  future.  It  saaaa  first  or  all  tkat* diaturkaaca  ia  clrcadlaa  cycla*  a*y  k are  a 
kaariag  oa  it.  It  is  tia*  sea*  ckaaga  vhick  yrodacaa  variaaa  diacrayaaciaa  katwaaa 
ckroaokiological  aad  physiological  docks.  Aad  tka  tka*  result  lag  disorder  of  alaay 
exhibits  diaturkaaca  ta  it*  lakaraat  rkytkaa,  yrovidiag  ua  witk  flediaya  of  iataroat,  wkick 
ar*  highly  aagg-stiv*  of  dial  cel  aigaiflcaat  for  iaaoaeda. 

URBIH0IVI1BA1.  aiFFXHBKB  IM  CXBCADIAS  FATTSahS  OF  CdTKHCSLMIlff  KSCXTIOH.  BOOT 
T— ATWB.  miQWAHCX,  AMD  SOMCTlVt  ACT  111. 

Afcaroted,  T. ,  FTaekarg,  J.  I. 

Biol.  Faychol,  Vol.  6,  Ho.  12.1976  ,  277-292. 

latarie  it  Tided  diffaraac*#  ia  ctrcailaa  rkytkaa  of  ariaary  catechol  aaia*  excretioa, 
yerforaaace,  aelf-ratiags  of  ernuaal  aad  oral  taayantun  ware  studied  ia  80  ewb/--t* 
divided  into  three  group*  aanlag—actlv*.  eveaiag-eetive,  aad  iat  eras  diet*. 

Catacholaataa  excretioa,  body  tsayeretu re,  aad  adf-ntiaga  of  arousal  am  kit  ad  yroaouacad 
clrcadlaa  Tariatioaa.  Haniag-actlvu  sukjacta  aeceedad  other  greuya  ia  tk*  26  k  level  of 
adraadiae  excretioa  but  crust  ykaaa*  did  aot  differ,  occurriag  das*  t*  13.00  k.  Ho 
differ**  ce*  katwaaa  group*  war*  foaad  for  aor  adraadiae  ex  ere  tie*.  Crest  ySaaaa  occurred 
clou*  to  aooa.  Self -rat ad  dartaass  axkibitad  a  etnificeatly  earlier  (le.12  k)  crest 
ykaaa  for  aoniag-activ*  tkaa  for  avaaiag-activ*  sukjacta  (i6.09  b).  Tka  yerforaaace  did 
aot  differ  batwaaaa  groups. 


FBTSIOUJGICAL  1HSSX  AS  AM  AID  XH  DCVBAYDKi  A 1HW  PILOT  3CBHBUH0  PATTOHS. 

Ncklar,  S.B. 

Adat.  Spec*  Uviroa.  Bad.,  Vol.  67,  Ho.  3,  5-  i9?c,  23S-267. 

A  aultiylicativ*  aad  additive  for  aula  kaa  keaa  developed  far  eaalatl^  ia  tk*  daveloyaaat 
of  schedule*  for  airlia*  pilot*  aad  flight  argiaaarv.  Ik*  feraele  la  baaed  as  fraahaaW 
tirefeaaa  data  derived  fro*  aircrew*  aa  world  flight*.  It  aheuld  aatarlally  awaist  those 
aho  develop  tka  schedule*  to  avoid,  where  possible,  fiadiaiag  tkaa*  craw  pat  taros  that 
ueuld  iayaaa  a  a ever*  physiologic  laud  oa  cockpit  parse** *1.  Ik*  akjactiv*  af  tk*  application 
of  tk*  foraela  la  ta  aaaur*  that  craw  weaker*  re  lade  adapuat*  "physiologic  reserve"  ta  the 
course  of  flyiag  various  safest*  of  a  patter*.  Tkia  enable*  tkaa  to  absorb  tk*  stresses 
of  eckadulo  del  aye  or  dtareptieoa,  aa  wall  as  ia  foresee*  oyaratiaaal  yreklaaa  aad  flitftt 
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108.  aviator  pnroauicx  biooohiul  physiological  and  psychological  assessment  or  pilots  dosing 

kctmdo  helicopter  iugbt. 

Kimfcall,  I.  A.,  Aidtnot,  D.  B. 

AGARS  Ccofaranca  proceedings,  1976,  Vol.  180,  1976,  AB-l-AB-15. 

Bomb.  Diet,  Sleep. 

109.  MKS  OF  TM»0RAI  STRESSORS  OR  VIGILANCE  AMD  INFORMATION  PBOCXSSING. 

Allaiai,  LA.,  Coatee,  O.D.,  Morgan,  B.B,  Jr. 

Vigilance:  theory,  operational  performance,  and  physiological  corralataa.  Hew  York, 

Plenum  Praaa,  1977. 

no.  if  ness  or  tdk  zone  chamois  oh  nsroauNcs  and  phitiologt  or  airline  fzsscmkel. 

Preeton,  W.,  Bateman,  S.C.,  Neichen,  F.W.,  Wilkinson,  B.t  Short,  B.V. 

Aviatiaa  Spaea  and  Environmental  Medicine,  Vol.  *•?,  So.  7,  197c.  763-769. 
IiMaiyftlaaatroal/CjcIviiepipreaoiVNydrVChlorida/Cattt-Dep  rase- Drug. 

m.  rAnosz,  circadian  aartw,  amd  tbcck  acc  hunts. 

larrla,  M. 

Vigilance:  thaory ,  operations?  performance,  and  sociological  corralataa.  New  Tor  A, 

Plasma  Praaa.  1977. 

112.  inwovwdtt  or  aussiese  &  sailors  sosimc  sight  watches  ar  means  or  roco  and  ds  inking 

BBaDOKS,  XMCXSDDC  BIOLOGICALLY  ACTIVE  COHCSmUTSS. 

Mitkova,  N. 

BOLL.  IMS?.  KA&IYJiUP.  ME).  GDYNIA,  Vol.  27,  No.  1,  197b.  i7-2<*. 

It  ia  atatad  that  by  food  aad  drinking  intervention  (including  bic logically  active  food 
and  drlakiag  coecaatrataa)  we  ara  abla  to  halp  tha  aailor'a  body  to  a  certain  extant,  to 
adapt  itself  to  work  under  especially  aggravated  occupational  conditions.  This  ia  extremely 
important  for  tha  peak  aoaaats  of  strain,  aap.  during  night  watches.  Thin  fact  aunt  not  be 
underestimated  in  tha  eoaplex  of  aeasuroe  ia  fatigue  prophylaxis,  in  tha  iiprovvnent  of 
alertaaaa  to  aaxlaal  working  capacity  with  a  view  to  enaur  *  safe  ship  voyages. 

113.  FSlOKfXmK  TEST  PERFORMANCE  AMD  SLEEP  PATTERNS  OF  AlBCPlM  FLYING  TRANSN3UDI0NAL  BOOTES 
Buck,  L. 

AVIA!.  SPACE  EMVIBOM.  MED.,  Vol.  <*7.  Mo.  9,  197c,  979-936. 

Pilots  and  flight  attandanta  flying  achadulad  aarvicaa  between  Vancouver  and  Toayo  and 
bat wean  Toronto  and  Sane  were  teeted  an  a  tracking  taa*  before  and  after  flights  in  each 
direction,  flight a  were  included  in  achedulee  involving  both  2A  h  and  7  d  layovara  at  tha 
overasas  station.  During  these  periods,  they  recorded  their  sleep  patterns.  Tha  data 
showed  that,  following  flight,  subjects  aada  an  lanediate  atteapt  to  adapt  their  behaviour 
to  local  tins  and  the  changes  in  their  performance  scores  could  be  interpreted  on  that  basis. 
It  was  concluded  that  behavioural  circadian  rhythms  adapt  rapidly  to  a  new  tiae  zone. 

1  SLEEP  DISTURBANCES  OF  COCKPIT  PSSSCNIQ.  AFTER  TRANSMERIDIAN  LONG  DISTANCE  FLIGHTS. 

Schaffler,  K.,  Rename  rm,  H.H. 

MED.KLIN.,  Vol.  71,  No.  <*c.  1976,  1985-1999. 

Functional  conplainta  of  flying  personnel  that  are  attributable  to  sleep  disturbances  or 
that  pronote  the  latter  are  leas  the  result  of  the  sua  of  sleep  deficiency,  end  sore  the 
consequence  of  an  labalance  of  the  distribution  of  the  1  to  ^  stagea  of  sleep  (orthodox 
sleep)  and  of  d rean  sleep  (paradoxical  sleep,  SIM  sleep).  The  lack  of  the  latter  ia  a 
particular  Indicator  of  slaap  disorders.  Taxing  sleeping  tablets  (especially  barbiturates) 
and  alcohol  greatly  disturbs  the  balanced  distribution  of  deep  atages  and  the  hoped  for 
effect  of  refreshing  sleep  is  disappointed.  But  snort  periods  of  sleep  of  about  c  hours  can 
lend  to  adequate  regeneration  via  optimal  distribution  of  the  states  of  sleep.  By  optimising 
aleep  the  shifting  of  the  phaaee  and  the  attenuations  of  the  amplitude  of  the  physiological 
oscillations  can  be  suppressed.  The  demonstration  of  an  andocellular  nleec  sechanisn  under 
pneenaker  control  shows  the  existence  of  a  close  hood  of  the  secy  periodic  oscillation 
processes  of  the  human  body  with  exogenous  influences  (tine  oscillators).  The  quality  of 
aleep  can  be  laproved  by  the  effects  of  self  a  ■  dy,  the  personal  way  of  life  and  by 
learning  autogenous  training.  Countarbalancisg  of  the  sleep  deficit  is  difficult,  as  aleep 
of  longer  duration  does  not  help  with  the  distribution  of  the  stages  and  the  recuperative 
value  that  ia  bound  up  with  it. 

115.  VIGILANCE.  TSSM J,  OPERATIONAL  P&FQBUNCE,  AND  PHYSIOLOGICAL  Mari'".  LVIRODUCnOH. 
BACKGROUND  OF  THE  SYMPOSIUM. 

Hackle,  R.R. 

Vigilance:  theory,  operational  performance,  and  physiological  correlates.  New  York,  Plenum 
Press,  1977. 
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116.  WAKEFULNESS  SLEEP  RHYTHM  AND  MODE  OF  LIFE. 

Benoit,  0. 

REV.  PRAT.  Vol.  26,  No.  27,  1976,  1945-1954. 

Wakefulness  and  sleep  follow  a  24  hour  rhythm.  Environment  (activity,  social  life)  is  the 
main  synchronising  factor.  Level  of  wakefulness,  psychomotor  performance  and  mood  vary 
periodically  and  in  a  foreseeable  manner  with  tine  of  day.  Sleep  follows  certain  structural 
laws  in  its  course  but  its  duration  and  pattern  depend  somewhat  on  time.  There  are  many 
interrelationships  between  wakefulness  and  sleep.  Duration  and  quality  of  sleep,  and  the 
nuisances  which  act  on  it  also  influence  the  wakefulness  function.  Conversely  wakefulness 
level,  conditions  of  diurnal  activity  stress  and  anxiety  influence  sleep.  Disturbances 
in  sleep  wakefulness  cycle  are  provoked  by  professional  constraints  (night  work,  work  in 
shifts,  etc).  They  vary  with  each  person  but  in  certain  cases  may  prevent  any  adaptation 
to  anything  but  diurnal  work. 

117.  PREDICTION  OF  PILOT  PERFORMANCE :  BIOCHEMICAL  AND  SLEEP -MOOD  CORRELATES  UNDER  HIGH  WORKLOAD 
CONDITIONS  ™  CURING  AIRCRAFT  CARRIER  LANDINGS. 

Brictson,  C.A.,  McHugh,  W.B.,  Naitoh,  P. 

AGARD,  Simulation  and  Study  of  High  Workload  Operations.  lOpp 

Aircraft  carriers/* Aircraft  laading/Flight  stress  (biology )/*Perforaance  prediction/ 

•Pilot  performance/*Psychophysiology/Sleep/Statistieal  analysis/Stress  (psychology)/ 

Work  capacity. 

118.  CIRCADIAN  RHYTHMS  OF  CATECHOLAMINE  EXCRETION,  SHOOTING  RANGE  PERFORMANCE  AND  SELF  RATINGS 
OF  FATIGUE  DURING  SLEEP  DEPRIVATION. 

Froeberg,  J.E.,  Karlsson,  C.G.,  Levi,  L.,  Lidberg,  L. 
jlOL. PSYCHOL. ,  1975,  Vol.  2,  No.  3,  175-188. 

Circadian  rhythms  in  urinary  catecholamine  excretion,  performance  and  self  ratings  were 
studied  in  2  experiments  with  a  total  of  29  subjects  who  were  deprived  of  sleep  for  72  hr. 
Adrenaline  excretion  an'*  fatigue  ratings  she  red  the  most  consistent  circadian  variations; 
noradrenaline  and  performance  rhythms  were  more  irregular.  The  average  crest  phase  for 
adrenaline  excretion  was  around  1400  hr,  for  noradrenaline  about  0800  hr,  for  performance 
1700  hr  and  for  fatigue  0500  hr.  24  hr  levels  of  performance  and  'subjective  arousal' 
decreased  over  the  3  days  of  sleep  deprivation,  while  adrenaline  excretion  levels  increased. 

119.  PSYCH0B10L0GICAL  CIRCADIAN  RHYTHMS  DURING  A  72  HOUR  VIGIL. 

Froeberg,  J.E. ,  Karlsson,  C.G. ,  Levi,  L. ,  Lidberg,  L. 

PORSVAKSMEDICINE,  Vol.  1  ,,  No.  3.  1975.  192-201. 

Circadian  rhythms  in  urinary  catecholamine  excretion,  oral  temperature,  performance,  and 
subjective  arousal  (self  ratings  of  alertness  and  fatigue)  were  studied  in  52  subjects 
deprived  of  sleep  for  72  hours.  Adrenaline  excretion,  oral  temperature,  and  subjective 
arousal  showed  consistent  circadian  variations.  Performance  rhythms  were  also  apparent, 
although  more  irregular,  in  some  of  the  measures.  Noradrenaline  excretion  had  no  significant 
circadian  rhythm.  The  crest  phase  for  adrenaline  excretion  was  between  about  1200  and 
1500  hours,  for  subjective  arousal  and  performance  about  1CKXJ-171XJ  hours,  and  for  oral 
temperature  about  i?UU-250O  hours.  There  were  significant  correlations  between  oral 
temperature,  performance,  and  subjective  arousal. 

120.  RESEARCH  NOTE:  THE  INTERACTIONS  AMONG  STRESS,  VIGILANCE,  AND  TASK  COMPLEXITY. 

Kennedy,  R.S.,  Coulter,  X.B. 

HUM.  FACT.,  Vol.  17,  No.  1,  1975,  106-109. 

A  simple  (one  channel)  or  a  complex  (three  channel)  vigilance  task  was  administered  with 
or  without  threat  of  shock  to  a  large  group  of  flight  students.  It  was  found  that  a  larger 
absolute  decrement  was  obtained  in  the  complex  task,  but  the  relative  decrements  were 
equivalent  for  both.  One  charnel  monitoring  was  better  overall  than  three  channel  monitoring 
in  the  nonatressed  condition.  Stressed  subjects  performed  better  than  nonstressed,  and  this 
enhancement  was  greater  for  three  channel  monitoring. 

121.  VARIATIONS  OF  SOME  PARAMETERS  OF  THE  OCULAR  SYSTOt  IN  RELATION  TO  FATIGUE  DURING  LONG 
TRANSMERIDIAN  FLIGHTS. 

Boissin,  J.P.,  Abbas,  L. 

REV.  MED.  AERONAUT.  SPAT.,  Vol.  14,  No.  54,  1975,  65-67. 

•Aviation/*Vision/*Fatigue/*Intraocular  pres6ure/*Circadian  rhythm. 

122.  SUSTAINED  PERFORMANCE  AND  RECOVERY  DURING  CONTINUOUS  OPERATIONS 
Morgan,  Ben.  B.,Jr.,  Coates,  Glynn, D. 

Old  Dominion  Univ  Norfolk  Va  Performance  Assessment  Lab.  ITR-74-2,  12.1974.  47  pp 

The  two  sections  of  the  report  represent  the  reproduction  of  papers  presented  at  the  82nd 
annual  meeting  of  the  American  Psychological  Association.  New  Orleans,  Louisiana,  30  August  - 
3  September  1974  and  the  18th  annual  meeting  or  the  Human  Factors  Society,  Huntsville,  Alabama 
15-17  October  1974.  Both  papers  are  baaed  on  studies  of  continuous  work  and  recovery  conducted 
at  the  Performance  Research  Laboratory,  University  of  Louisville,  Louisville,  Kentucky.  Results 
summarized  herein  suggest  that  performance  decrements  during  36  hr  of  continuous  work  and  sleep 
loss  will  vary  between  11  and  35%  depending  upon  the  time  of  day  at  which  the  continuous-work 
session  begin*.  It  is  also  suggested  that  appropriately  scheduled  military  personnel  will  be 
able  to  maintain  acceptable  levels  of  performance  during  36  hr  of  continuous  field  operations 
and  that  these  personnel  will  require  6  to  8  hrs  of  sleep  before  they  are  ready  to  return  to  duty. 


12.S  INFLUENCE  OF  CHANGING  TIME  40NES  ON  AIK  CHOIS  AMD  PASSENGERS. 

McFarland,  K.A. 

Aaroapac*  Medicine.  Vol.  4b,  b.i9?4.  b48-b58.  30  refs. 

Age  factor/Airline  operationa/Biochemiatry/'Circadian  Rhythms/* Flight  crews/Flight  fitnaaa/ 
•Flight  stress  (.biology )/In-llight  monitoring/'Passengers/Physiological  effecta/Sleep/Stress 
(physiology)  Tine  dependence. 

124.  SIGNAL  DETECTION  EFFICIENCY  IN  THE  MORNING  WATCH.  EFFECTS  OF  PHIOR  SLEET ,  DIURNAL  RHYTHM 
AND  FATIGUE.  Colquhoun,  W.P.,  Hamilton,  P.,  Edward a,  R.S. 

Royal  Naval  Personnel  Reaearch  Committee  London,  OES-io/74,  3.1974,  33p. 

An  experiment  was  carried  out  to  determine  whether  staying  awake  before  the  morning  (0400- 
08u0)  watch  (a  custom  observed  in  submariners  on  prolonged  patrols)  is  likely  to  exert  a 
detrimental  effect  on  operations  such  as  sonar  monitoring  carried  out  continuously  through¬ 
out  the  watch.  Even  when  sleep  had  been  taken,  general  performance  levels  in  the  morning 
watch  were  markedly  different  from  tho.ie  in  a  watch  held  from  2000  to  2400  the  previous 
evening.  Detection  rate  was  substantially  lower  throughout  the  watch,  and  the  degradation 
during  the  second  half  of  the  watch  at  times  exceeded  bO  per  cent  when  compared  to  'fresh* 
performance  at  the  start  01  the  previous  evening  watch. 

12b.  CIRCADIAN  VARIATION  IN  PRESUMABLY  HEALTHY  YOUNG  SOLDIERS 

Kanabrocki,  E.L.,  Scheving,  L.E. ,  Halberg,  F. ,  Brewer,  R.L. ,  Bird,  T.J. 

Arkansas  Medical  Center,  Little  Rock,  and  Minnesota  School  of  Medicine,  Minneapolis, 

2.19?1*.  t>4  pp. 

A  group  of  thirteen  young  .-oidiers  was  standardised  for  approximately  thirty  hours  with 
rest  time.  Each  man  was  sampled  at  three-nour  intervals  throughout  one  24-hour  period;  this 
involved  the  measurement  of  oral  temperature,  radial  pulse,  blood  pressure,  intraocular 
pressure  and  minute  ventilation.  One  year  later  another  study  was  performed  similarly  on 
twelve  men  over  a  72-hour  period.  A  great  majority  of  the  many  variables  analyzed  demonstrated 
a  significant  fit  to  a  24-hour  cosine  curve.  From  this  same  analysis,  one  was  able  to  estimate 
three  rhythmic  parameters  and  their  confidence  limits;  these  included  the  acrophase  (crest  of 
best-fitting  cosine),  the  amplitude  and  the  mesor  (computer-determined  over-all  mean).  The 
significance  of  these  data  is  discussed. 

12C.  EFFECTS  ON  SUSTA.NED  PERFORMANCE  OF  4d  HOURS  OF  CONTINUOUS  WORK  AND  SLEEP  LOSS. 

Morgan,  B.B.,Jr.,  Brown,  B.R.,  Alluisi,  E.A. 

HUM.  FACT.  Voi.  10,  No.  4.  1974,  406-414 

The  work  efficiency  of  iu  subjects  during  a  48  hour  period  of  continuous  work,  and  sleep  loss 
was  assessed  using  the  synthetic  work  technique.  Performance  during  the  period  of  stress  was 
found  to  be  significantly  influenced  by  the  rircadian  rhythm.  Decrements  first  occurred  after 
approximately  18  hr  01  continuous  work,  and  performance  decreased  to  an  average  of  82#  of 
baseline  during  the  early  morning  hours  ot  the  first  night.  Performance  improved  to  about 
90%  of  baseline  during  the  daytime  of  the  second  day  but  decreased  to  approximately  bV# 
during  that  night.  All  measures  of  performance  recovered  to  baseline  levels  following  a 
24  hr  period  of  rest  and  recovery. 

127.  TWENTY-FOUR-HOUR  RHYTHMS  OF  RECTAL  TEMPERATURE  IN  HUMANS:  EFFECTS  OF  SLEEP- INTERRUPTIONS 
AND  OF  TEST-SESSIONS. 

Aschoff,  J,  Fatranska,  M,  Gerecke,  U,  Giedke,  H. 

Pfluegers  Arch,  Vol.  39b,  No.  3,  i?/4,  215-222. 

128.  12  AND  24  H  RHYTHM  N  ERROR  FREQUENCY  OF  LOCOMOTIVE  DRIVERS  AND  THE  INFLUENCE  OF  TIREDNESS. 
Hildebrandt,  G,  Roh_ert,  M,  Rutenfranz,  J. 

Int.  J,  Chronobiol.,  Vol.  2,  No.  2,  '974,  175- ,30. 

129.  ULTRADIAN  RHYTHMS  IN  EXTENDED  PERFORMANCE. 

Orr,  W.C,  Hoffman,  H.J,  Hegge,  F.W. 

Aerospace  Medicine,  Vol.  45,  No.  9,  1974,  995-1000. 

Eleven  healthy  young,  male  volunteers  participated  in  an  experiment  which  involved  continuous 
monitoring  of  heart  rate  and  performance  on  a  complex  vigilance  task.  Subjects  were  instructed 
to  continue  in  the  experiment  for  48  hr  or  until  they  felt  they  could  go  no  longer.  All 
subjects  completed  at  least  21  hr  and  2  went  for  44  hr.  Heart  rate  and  behavioral  measures 
were  subjected  to  complex  demodulation  analysis  to  determine  the  phase  and  amplitude 
characteristics  of  cyclic  activity  with  a  period  in  the  range  of  90  sin  +  or  -  5  min.  The 
primary  findings  were  a  rather  marked  increase  in  the  ssplitude  of  the  90  sin  myths,  in 
both  heart  rate  and  performance  measures,  ss  the  time  on  task  increased,  reaching  their 
highest  level  near  the  end  of  the  run.  This  response  pattern  was  found  in  over  three  fourths 
of  the  analyses  done,  and  was  independent  of  the  total  duration  of  the  experiment.  It  is 
felt  that  this  marked  amplitude  rise  is  indicative  of  a  cumulative  stress  response.  In  most 
subjects,  the  heart  rate  response  did  appear  to  show  some  similarity  of  patterning  with  at 
leaot  one  of  the  behavioral  measures.  Only  3  subjects  showed  an  obvious  dissociation 
between  heart  rate  and  the  behavioral  responses.  There  was,  however,  greater  concordance 
of  response  patterning  among  the  behavioral  measures. 

1 50.  INTERINDIVIDUAL  DIFFERENCES  IN  CIRCADIAN  FATIGUE  PATTERNS  OF  SHIFT  WORKERS. 

Ostberg,  0. 

Br.  J,  ind,  Med,  Vol.  jO,  No.  4,  10.1975,  341-351. 


13">.  STRESS,  ADRENOCORTICAL  ACTIVITY  AND  SLEEP  HABITS. 

Goodyear,  H.D. 

Ergonomics,  Vol.  16,  No.  5«  9*1973.  o79-68i. 

132.  THE  EFFECTS  OF  NOISE  AND  OF  LOSS  OF  SLEEP  UPON  THE  OBSERVATIONS  OF  3  SOURCES  OF  SIGNALS 
WITH  UNEQUAL  PROBABILITIES 

Robert,  G,  Hockey,  J. 

Royal  Natal  Personnel  Research  Committee,  London,  OES-ll/71*,  10.1073,  lb  pp  DRIC-BR-5l8**9. 

Three  groups  of  12  naval  ratings  bad  to  monitor  3  sources  of  signals,  and  to  report  each 
time  they  detected  a  signal.  A  source  was  checked  by  pressing  the  corresponding  key  and 
looking  for  a  dull  red  flash.  One  group  worked  with  and  without  noise.  The  other  group 
worked  after  a  night  without  sleep  and  after  normal  sleep.  Noise  has  a  beneficial  effect 
in  Baking  the  nan  concentrate  more  on  the  most  probable  source  of  signals.  But  noise  has 
a  detrimental  effect  in  increasing  the  nuaber  of  aisses  in  the  second  half  of  the 
experimental  period.  Whereas  loss  of  a  night's  sleep  has  only  detrimental  effects.  It 
stops  the  aan  from  concentrating  aore  on  the  most  probable  source  of  signals.  And  it 
makes  him  require  more  evidence  before  he  reports  a  signal . 

133.  PERFORMANCE,  RECOVERY  AND  KAN -MACHINE  EFFECTIVENESS 
D.’dek,  Richard,  A. 

Te-tas  Tech  Univ  Lubbock  Center  of  Biotechnology  and  Huaan  Performance.  Seai-annual  progress 
rjp  3-1973.  22  pp. 

The  project  is  concerned  with  the  assessment  of  huaan  performance  and  recovery  capabilities 
under  relatively  long  duration  conditions  (two  hours  or  aore).  Varying  work/rest  schedules 
and  environments  are  among  the  variables  manipulated,  and  the  results  relate  to  the  doctrine 
of  continuous  operations.  During  this  reporting  period ,  a  report  was  prepared  describing 
the  results  of  a  study  of  8  and  16  hours  of  continuous  work;  experiments  were  continued  to 
ascertain  the  effects  of  methyl  scoppolaine  on  (aniaal)  response  decrements;  a  report  was 
begun  on  the  relation  between  circadian  rhythas  and  performance  on  a  physical  loading  task; 
and  research  continued  on  heat  stress  limits  for  sedentary  operations.  Three  papers  were 
presented  at  meetings,  three  published,  three  accepted  for  publication,  and  four  were  submitted. 
This  progress  report  contains  a  list  of  27  topics  of  potential  military  relevance  derived  from 
the  studies  conducted  from  1968  to  the  present. 

134.  EFFECTS  OF  SLEEP  LOSS  AND  STRESS  UPON  RADAR  WATCHING 
Bergstroea,  B. ,  Gillberg,  M.,  Arnberg,  P. 

J.  APPL.  PSYCHO1..,  Vol.  58,  No.  2,  1973,  153-162. 

Detection  performance  in  a  40  min  radar  watching  task  was  studied  using  20  soldiers, 
divided  into  2  matched  groups.  The  experimental  group  was  deprived  of  sleep  for  78  hr  and 
both  groups  were  then  subjected  to  stress  induced  by  unpleasant  electric  shocks.  It  was 
hypothesised  that  the  effects  of  sleep  loss  and  stress  oppose  each  other  through  dearouslng 
and  overarousing,  respectively.  Results  indicated  significant  impairment  of  performance 
when  subjects  were  deprived  of  sleep,  but  they  indicated  an  improvement  under  stress.  Changes 
were  accompanied  by  small  but  reliable  heart  rate  reduction  and  elevation  respectively,  thus 
lending  support  tc  the  hypothesis. 

135.  A  THEORY  OF  FATIGUE. 

Cameron,  C. 

Ergonoca . *  Vol.  16,  No.  5,  1973,  633-648. 

Human/oleepAiabits/Streus/Anx.ety. 

13b.  SPECIFICATION  OF  VARIATION  PATTERNS  OF  PHYSIOLOGICAL  AND  PERFORMANCE  MEASURBffiNTS  IN  SLEEP  LOSS. 
Saito,  Y. 

J.  Hum.  Ergol.,  Vol.  1,  No.  2,  12.1972,  207-216. 

137.  SUBMARINE  CREW  EFFECTIVENESS  DURING  SUBMERGED  MISSIONS  OF  SIXTY  OR  MORE  DAYS  DURATION.  (EFFECTS 
OF  CONFINED  SUBMARINE  ENVIRONMENTS  ON  CREW  PERFORMANCE  AND  BIOLOGICAL  PROCESSES  DURING  PROLONGED 
SUBKE33ENCS) . 

Weybrew,  B.B. 

Naval  Submarine  Medical  Center,  Groton,  Conn,  NSHRL-686-281071 ,  11.1972.  29  pp. 

Circadian  rhythms/* Controlled  atmosphere^* Human  performance/* Long  term  ef fects/Morale/ 
•Physiological  responsea/Sleep  deprivation/Stress  ( psychology/* Subuar ires. 

138.  FATIGUE  IN  SUSTAINED  TACTICAL  OPERATIONS. 

Petersen,  Peter  B. 

Army  Combat  Developments  Command  Medical  Service  Agency  Fort  Sam  Houston  Tex,  Doctoral  thesis, 
6.1972.  170  p. 

Concepts  for  future  U.S.  tactical  operations  envision  man's  capabilities  as  encompassing  rapid 
a-climation,  fetigue  reduction,  changed  wake-sleep  cycles,  and  changes  to  the  circadian  cycle 
under  sustained  r«.<j  continuous  operational  requirements.  U.S.  forces  must  be  able  to  deal  with 
an  enemy  who  mo  rave  these  capabilities.  The  stui  ■  focuses  on  concepts  for  the  reduction  of 
fatigue  in  its  irious  stages  in  sustained  tactical  operations,  techniquss  of  leadership,  and 
on  measures  to  prevent  fatigue. 

139.  HUMAN  FACTORS  IN  LONG-DISTANCE  FLICHTS. 

Mohler,  S.R. ,  Ciereuiej,  A. 

lnd.  Med.  Surg,  Vol.  41,  No.  6,  6.1972,  11-17. 
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itO.  OTECi’S  OF  72-HOUk  PARTIAL  SLEEP  DEPRIVATION  HUMAN  BLiAVIORAL  AND  PHYSIOLOGICAL  RESPONSE 
MEASURES/FIHAL  REPORT/ (EFFECTS  OF  PARTIAL  SLEEP  DEPRIVATION  ON  BASIC  BIOLOGICAL  RHYTHMS 
USED  FOR  DETERMINING  PERFORMANCE  OF  SIGNAL  DETECTION  1ASKS). 

Frazier,  T.W.,  Bern gnu*,  V.A.,  Every,  H.G.,  Parker,  J.T. ,  Jr. 

Walter  Reed  Army  Inat.  of  Res,  50  pp 

•Clrtdian  rhythms/ Fourier  analysis* Human  performance/* Signal  detection/’Sleep  deprivation/ 

Spectrum  analysie/Stress  (physiology). 

14).  ENCEPHAL0GRAPH1C  INVESTIGATIONS  OF  HUMAN  ADAPTATION  TO  A  CHANGED  DIURNAL  CYCLE  l ADAPTATION 
PERIOD  TO  INVERTED  WORK-REST  CYCLE  OBSERVED  WITH  JMCEPHALOGRAPH,  NOTING  EFFECT  Or  BRAIN 
BIOELECTRIC  ACTIVITY  CIRCADIAN  RHYTHMS  STABILITY). 

Cherniekova,  V.N. 

Koamicheskaia  Biologna  i  Meditaina,  Vo},  o,  1972.  38-42.  5  refs. 

•Activity  '  oiology)/Activity  cycles  (biology)/Adaptation/*3ioelectricity/*Brain/*Circac*ian 
rhythms/*E'.ectroeucephalography/Relative  biological  effectiveness  iRBE)/Sleep/Stress  (biology)/ 
Synchromsm/Wakefulnese/* Work-rest  cycle. 

142.  BIOLOGICAL  RHYTHMS  IN  AEROSPACE  MEDICINE. 

Lomonaco,  T. 

Minerva  Med.,  Vol.  cj,  Ho.  7,  1972,  *30-43.}. 

1*3.  THE  EFFECT  OF  SLEEP  LOSS  AND  THREAT-INDUCED  STRESS  UPON  TRACKING. 

Bergstroem,  B. 

Scand,  J.  Psychol,  Vol.  ■},  No.  .,  1972,  }4-oO. 

l4‘t.  PHYSIOLOGICAL  CHANGES  DURING  OPERATIONAL  FLIGHTS  OF  LONG  DURATION. 

Auffret.  R. 

AGARD  C  .inference  Proceedings,  Vol.  101,  i972,  9-1-9- 'L, 

Human/Stress/Heart/Rate. 

1*5.  A  STUDY  OF  RECOVERY  FUNCTIONS  IN  MAN. 

Harris,  William,  C'Hanlon,  James  F. 

Human  Factors  Research  Inc,  Goleta,  Calif,  (402185)  Technical  Memo.  4.1972.  39  pp. 

Concepts  of  sustained  and  continuous  military  operations  were  examined  with  respect  to 
relevan.  literature.  In  particular,  the  objectives  were  to  predict  behavioral  and 
biological  impairments  which  might  result  in  those  operations;  and  to  determine  whether  the 
period  necessary  for  recovery  following  a  sustained  operation  can  be  ascertained  from  the 
literature.  It  was  concluded  that  thosa  objectives  could  not  be  met  due  to  inadequate 
information.  Nonetheless,  the  literature  did  provide  data  which  suggest  that  certain 
severe  impairments  may  be  experienced  by  soldiers  engaging  in  sustained  and  continuous 
operations.  It  also  provided  guidelines  for  the  design  of  studies  to  collect  the  required 
information.  Finally,  this  review  led  to  a  call  lor  serious  reevaluation  of  the  current 
concepts  of  continuous  operations. 

14b.  THE  EFFECTS  OF  A  43-HOUR  PERIOD  OF  SUSTAINED  FIELD  ACTIVITY  ON  TANK  CREW  PERFORMANCE. 

Ainsworth,  L.L. ,  Bishop,  H.P. 

Human  Resources  Research  Orgcnization  Alexandria  Va,  HUMRRO-TR-7 >-1b,  7.197i.  )>1  pp. 

A  48-hour  field  experiment  was  conducted  to  determine  the  effects  of  sustained  activity 
on  the  performance  of  tank  crews  in  communication,  driving,  surveillance,  gunnery,  and 
maintenance  activities.  Moving  surveillance  and  some  driving  activities  snowed  statistically 
significant  performance  deterioration  over  a  48-hour  period  of  work  without  sleep.  The 
experiment  showed  tnat  the  diurnal  rnythm  of  the  subjects  did  not  affect  performance 
significantly.  The  results  of  the  experiment  support  a  broad  conclusion  that  tank  crews 
using  present  equipment  can  Ouintam  operational  proficiency  during  48  hours  of  sustained 
activity. 

14/.  SIMULATED  TIME- ZONE  SHIFTS  AND  PERFORMANCE  ABILITY  -  BEHAVIORAL,  ELECTROENCEPHALOGRAPHIC  AND 
ENDOCRINE  EFFECTS  OF  TRANSIENT  ALTERATIONS  IN  iHV IRONKQi'TAL  PHASE  (MENTAL  CALCULATING  ABILITY, 

MOTOR  COORDINATION,  AND  AUDITORY  PERCEPTUAL  ACUITY  OF  HUMAN  SUBJECT.  DURING  LONG  DURATION 
FLIGHT  SIMULATION). 

Berkhout,  J. 

AC-ARD,  rest  and  activity  cycles  for  the  maintenance  of  efficiency  of  personnel  concerned 
with  military  flight  operations,  ii.197o.  >  pp 

Circadian  rhythos/Human  factors  engineering/* Human  performance/* Human  reaction~/*st *eos 
(physiology )/Work-rest  cycle. 

148.  FATIGUE  AND  STRESS  IN  AIR  TRAFFIC  CONTROLLERS. 

Grandjean,  E.P. ,  WotzLa,  G.,  Schaad,  R. ,  Gilgen,  A. 

Ergonomics,  Vol,  <4,  No.  i,  1.1971,  159-1G5- 

149.  CIRCADIAN  VARIATIONS  IN  RENAL  EXCRETION  OF  MAGNESIUM,  CALCIUM,  AND  PHOSPHORUS  DURING  A 

3-DAY  FLIGHT  -  ONBOARD  C-5  AIRCRAFT. 

Giunnetta,  C.L. ,  Jayanthinathsn,  V.S. 

School  of  Aerospace  Medicine,  Brooks  AFB,  Tex.  SAH-TR-74-58.  11  pp. 

C-5  Aircraft/Calcius/* Circadi_n  rhyttuae/Flight  crewn/Magnesiun/Metabolian/Miaerals/ 

Phosphorus/* Renal  function  /Stress  (physiology )/Urine. 


130.  DTE?  Of  TIME  ZONE  CHANGES  ON  THE  SLEEP  PATTERNS  OF  BOACB.  707  CREWS  ON  WORLD-WIDE  SCHEDULES 
Preston,  F.S.  Batsman,  S.C. 

Aaroapaca  Medicine,  Vol.  4l,  No.  12,  12.1970,  1409-I4l5« 

131.  CF*NGES  IN  ATTENTION  ALLOCATION  IN  A  MULTICOMPONENT  TASK  UNDER  LOSS  OF  SLEEP 
:  Hay,  G.R. 

Bt.  J.  Psychol,  Vol.  6l,  No.  4,  11.1970,  473-480 

1_>2.  REST  AND  ACTIVITY  CYCLES  FOR  THE  MAINTENANCE  OF  EFFICIENCY  OF  PERSONNEL  CONCERNED  WITH 

MILITARY  FLIGHT  OPERATIONS  (REST  AND  ACTIVITY  CYCLES  FOR  MAINTAINING  EFFICIENCY  OF  MILITARY 
FLIGHT  OPERATIONS  PERSONNEL). 

AGARD,  CP-74-70,  11.1970.  110  pp. 

’Fatigue  (biology  )/Flight  f at igue/’ Human  factors  engineering/Human  reactiona/Human  tolerances/ 
•Operator  performance/SleojV'Sleep  daprivatich/'Wcrk-rast  cycla. 

133.  TECHNICAL  EVALUATION  REPORT  ON  AGARD  AEROSPACE  HELICAL  PANEL  SPECIALIST  MEETING  ON  REST  AND 
ACTIVITY  CYCLES  FOR  THE  MAINTENANCE  OF  EFFICIENCY  OF  P-ihSCKHS,  CONCERNED  WITH  MILITARY  FLIGHT 
OPERATIONS 

Bauson,  A.J. 

AGARD,  Confaranca  Frocaadings  No.  74,  11.1970.  7  pp. 

Three  main  categories  of  work  and  rest  schedules  of  flying  personnel  and  ground  based  personnel 
concerned  with  flight  operations  are  discussed:  (s)  laboratory  investigations  of  physiological 
variables  and  task  psrforaance  during  norn&l  and  abnormal  work-rest  schedules,  (b)  in-flight 
studies  of  aircrew  operating  long-haul  transport  aircraft,  and  (c)  duty  cycles  in  Air  Traffic 
Control  Tasks. 

134.  INFLUENCE  OF  WORK-REST  SCHEDULING  AND  SLEEP  LOSS  ON  SUSTAINED  PERFORMANCE.  (WORK-REST  SCHEDULING 
AND  SLEEP  LOSS  EFFECT  ON  OPERATOR  PERFORMANCE  IN  WATCHKEEPING  AND  ACTIVE  KULTIPLE  VISUAL  TASKS) 
Alluisi,  E.A. 

Aspects  of  human  efficiency:  Diurnal  rhythm  and  loss  of  sleep:  Proceedings  of  the  Symposium, 
Strasbourg,  France,  12-17  July  1970.  London,  English  Universities  Press , Ltd.,1 972.  199-?l4l.13  refs 
Circadian  rhythms/Conferencea/Hunan  behaviour/Memory/Mental  performance/’ Operator  performance/ 
Sensory  percept ion/’ Sleep  deprivalion/Strees  A physiology)/’ Tank  cooplexity/’Visual  tanks/ 
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14.Abstract 

This  Lecture  Series  No.  105  on  the  subject  of  Sleep.  Wakefulness  and  Circadian  Rhythms  is 
sponsored  by  the  Aerospace  Medical  Panel  of  AGARD  and  implemented  by  the  Consultant  and 
).  Exchange  Programme. 

^fhe  Lecture  Series  is  intended  for  those  concerned  with  the  management  of  civil,  and  particularly 
military'  personnel,  who  have  to  cope  with  irreguiar  work  and  rest.  It  will  provide  an  under¬ 
standing  of  the  physiological  processes  involved  in  the  adaptation  of  man  to  disturbed  sleep  and 
wakefulness,  and  consider  approaches  to  the  problem  of  management  including  the  use  of  drugs. 

The  lectures  will  fall  into  three  subject  categories:  Sleep,  wakefulness  and  circadian  rhythms. 
Physiological  and  psychological  aspects  -  Adaptation  of  man  to  disturbed  sleep  and  circadian 
rhythmicity  Management  of  irregular  rest  anil  activity. 

1  In  the  first  part  attention  will  be  given  to  the  physiological  basis  of  sleep,  wakefulness  and 
circadian  rhythms  and  the  psychological  correlates  including  performance  relevant  to  personnel 
involved  in  skilled  activity.  The  second  part  will  review  studies  on  the  adaptation  of  man  to 
unusual  patterns  of  rest  and  activity  with  special  reference  to  present  day  situations,  and  the 
third  part  wi:’  attempt  to  provide  a  basis  for  the  management  of  disturbed  rest  and  the  rationality 
s  for  the  use  of  dings. 

,  The  series  is  designed  for  a  wide  range  of  interests  in  both  the  civil  and  military  context,  and  for 
the  land,  sea  and  air  environments.  It  is  intended  that  the  participants  will  include  managers 
i  and  operations  staff  as  well  as  medical  officers.  \ , 

t  t\  * 

|  The  material  ,o  thia  publication  was  assembled  to  support  a  Lecture  Series  under  the  sponsorship 
!  of  the  Aerospace  Medical  Panel  and  the  Consultant  and  Exchange  Programme  of  AGARD. 
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